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SUMMARY 
Time-averaged aerodynamic loads are estimated for each of the vane sets in the 
National Full-scale Aerodynamic Complex (NFAC). The methods used to compute global 
and local loads are presented. Experimental inputs used to calculate these loads 
are based primarily on data obtained from tests in the l/lO-Scale Vane-Set Test 
Facility and from tests conducted in the NFAC 1/50-Scale Facility. 
sets located directly downstream of either the 40- by 80-ft test section or the 80- 
by 120-ft test section, aerodynamic loads caused by the impingement of model- 
generated wake vortices and model-generated jet and propeller wakes are also 
estimated. 
For those vane 
The National Full-scale Aerodynamic Complex (NFAC) at Ames Research Center is 
being modified to improve the aerodynamic characteristics of the facility 
(refs. 1,2). This facility is composed of two wind-tunnel circuits, a closed-loop 
circuit with a 40- by 80-ft (12- by 24-m) test section and an open-loop (non-return) 
circuit with an 80- by 120-ft (24- by 36-m) test section with airspeed capabilities 
of 300 knots (154 m/sec) and 100 knots (51 m/sec), respectively. 
mode or an 80 x 120 mode can be operated, using the same fan drives by means of a 
Either a 40 x 80 
flow-diverter system. 3 
The need for a modification program to improve the aerodynamic characteristics 
of the facility became apparent during the Integrated System Test (1%’) of 1982, 
which was conducted to evaluate the aerodynamic and structural performances of the 
facility. 
determined for each of the turning vane sets. 
loads will be presented in a separate report. 
were calculated. 
averaged loads. 
As part of the modification program, aerodynamic loads have been 
The 80 x 120 tunnel inlet vane set 
Both time-averaged and dynamic loads 
The subject of this report is the determination of the time- 
Dynamic loads are discussed in a separate report (refs. 4,5). 
Time-averaged aerodynamic loads were determined for design loads and for oper- 
The operating loads are the expected 
.I ating loads. There is only a very low probability that the design loads will be 
exceeded during the lifetime of the facility. 
loads when the wind tunnel is operated at maximum flow speed. 
Time-averaged loads were calculated for global and local loads. The global 
The global operating loads are expected loads 
design loads are the maximum probable loads that must be taken out by external 
structures supporting a vane set. 
1 
during maximum-speed operation and are to be used for the forthcoming NFAC Inte- 
grated Systems Test as maximum speed limits. Local design loads are the maximum 
spanwise loads of a vane (floor to ceiling) and are used to evaluate the vane struc- 
tural performance of the vane. Local operating loads are expected spanwise loads of 
a vane during maximum tunnel flow speed and are to be used for the forthcoming IST 
of the NFAC as maximum speed limits. The additional loads owing to vortex, jet 
exhaust, or propeller wakes from a model located in the test section were also 
evaluated for affected vane sets. 
~ 
This report presents the calculation methods used to determine the aforemen- 
tioned loads, the inputs used in these calculations, and the results. 
DESCRIPTION OF VANE SETS 
Each vane set of the 40 x 80/80 x 120 tunnel is designated by a number 
(fig. 1 ) .  
wind-tunnel modification work. Vane sets 3, 4, 5, and 6 will be located in the 
All of the vane sets except set 8 are new designs and are part of the 
I wind-tunnel flow field during both 40 x 80 and 80 x 120 modes of operation. 
Vane Sets 1 and 2 
Vane set 1 is located at the northeast corner of the 40 x 80 tunnel circuit, 
downstream of the primary diffuser section, and vane set 2 is located at the north- 
west corner of the circuit in the constant-duct-area section. The design and geom- 
etry of both vane sets are the same. The vane contour and spacing, which were 
designed by the NASA Lewis Research Center, are shown in figure 2. The vane has a 
chord (leading edge to trailing edge) of 6.0 ft, a pitch (trailing edge to trailing 
edge) of 3.0 ft, and a span (floor to ceiling) of 68.6 ft. There are 50 vanes in 
all. Five full-chord horizontal splitter plates extend across the vane set and are 
evenly spaced at each 11-ft elevation. An air-exchange inlet is located at the 
inner wall of the circuit between these two vane sets. 
I Vane Set 3 
Vane set 3 is located close to the northwest corner of the 40 x 80 circuit. It 
consists of eight large, rectangular, flat-surface panels with faired leading and 
trailing edges. Figure 3 shows the vane set layout, geometry and dimensions. Each 
vane can be pivoted, so that it can be opened parallel to the 40 x 80 circuit or can 
be joined together to form a wall for the 80 x 120 circuit. 
(fig. 3(a)), a truss frame composed of a 2- by 8-in. rectangular tube (fig. 3(b)) 
extending from the floor to the ceiling is attached along the vane pivot line. 
Except at intersections of the framework, the framework has a streamline fairing at 
the leading and trailing edges. When the vane set forms a wall, these trusses 
Except for vane 3N 
extend i n s i d e  the 80 x 120 c i r c u i t  and,  therefore, are i n  t he  airstream i n  both 
modes of o p e r a t i o n .  
Splay  a n g l e ,  
deg 
Vane Set 4 
Number o f  
vanes Direct ion 
Vane set  4 c o n s i s t s  of s i x  l a r g e ,  r e c t a n g u l a r ,  f l a t - s u r f a c e  p a n e l s  w i t h  faired 
l e a d i n g  and t r a i l i n g  edges.  F igu re  4 shows the vane set l a y o u t ,  geometry,  and 
dimensions.  Each vane pane l  can be pivoted so t h a t  it is p a r a l l e l  to  the  80 x 120 
c i r c u i t  c e n t e r l i n e  or j o i n e d  t o g e t h e r  t o  form a wall f o r  t h e  40 x 80 c i r c u i t .  A 
t r u s s  frame extending  from the f l o o r  t o  the c e i l i n g  is attached a long  t h e  p i v o t  
l i n e ,  except  For vane 4F ( f i g .  4 ) .  
extend i n s i d e  t he  40 x 80 c i r c u i t .  
those o f  vane set 3. 
chordwise space  t r u s s e s  located a long  t h e  span !fig= 4!c) )=  These t.russes were 
i n s t a l l e d  t o  minimize t h e  d e f l e c t i o n  of  t h i s  vane t h a t  was observed du r ing  t h e  
40 x 80 IST i n  1982. 
When the vane set forms a wall, these t r u s s e s  
The truss dimensions are approximate ly  equa l  to  
In  a d d i t i o n  t o  t h i s  s i n g l e  spanwise t r u s s ,  vane 4C has three 
Vane set 5 is located a t  t h e  northwest s e c t i o n  of the tunne l  c i r c u i t  downstream 
T h i s  vane set is designed to  t u r n  the  of vane set  3 and upstream o f  t h e  d r i v e  f a n s .  
flow toward t h e  d r i v e  f a n s  du r ing  t h e  80 x 120 mode and to  provide  v i r t u a l l y  no 
t u r n i n g  du r ing  the 40 x 80 mode. 
p i t c h  of 3.4  f t ,  and a n  ave rage  span o f  75.4 f t .  
NASA Lewis Research Center  and is shown i n  f i g u r e  5. 
p l a t e s ,  which ex tend  across the vane set, are spaced 22.8 f t  a p a r t .  S ince  t h e  vane 
set is located i n  the d i f f u s e r  section of t h e  t u n n e l ,  each vane is sp layed  as shown 
below : 
The 36 vanes are f i x e d ,  wi th  a chord of 6.7 f t ,  a 
The vane shape was des igned  by the 
Two h o r i z o n t a l  s p l i t t e r  
- 
A s t r e a m l i n e  
flow- t u r n i n g  
( f i g .  6 ) .  
Spanwise e x t e n t  from 














0 t o  0.158 
0.185 to  0.292 
0.318 to  0.425 
0.452 t o  0.559 
0.585 to  0.692 
0.719 to  0.826 
0.852 to  1.OC 
f a i r i n g  is located a t  the west co rne r  of t h e  vane set  t o  improve t h e  
between the west wall and the  a d j a c e n t  vanes du r ing  the 80 x 120 mode 
3 
I Vane Set 6 
Vane set 6 is located a t  t h e  southwest  corner  of t h e  40 x 80 t u n n e l .  I t  con- 
sists of 57 a c o u s t i c a l l y  treated vanes wi th  a chord o f  17.21 f t  and a p i t c h  o f  
4.24 f t  ( f i g .  7 ) .  A t r a i l i n g - e d g e  f l a p  o f  6 f t  chord, which is hinged a t  t h e  
0 . 6 4 ~  s t a t i o n ,  is deflected 80" r e l a t i v e  t o  the  chord l i n e  t o  provide  t h e  r e q u i r e d  
f low-turning during the 40 x 80 mode; it is u n d e f l e c t e d  d u r i n g  t h e  80 x 120 mode. 
Because o f  t h e  c learance  problem a t  vane set  7 ,  the last  f o u r  vanes a t  the  southwest  
c o r n e r  do n o t  have f l a p s .  H o r i z o n t a l  s p l i t t e r  bars (two bars a t  each e l e v a t i o n )  
ex tend  across the vane set  width a t  1 1  e l e v a t i o n s  and are evenly  spaced 1 1  f t  a p a r t .  
An a c o u s t i c  b a r r i e r  wall ,  which e x t e n d s  from the  floor t o  the  c e i l i n g ,  is 
l o c a t e d  between vane s e t s  6 and 7, approximately 25 f t  from the  southwest  c o r n e r  of 
t he  t u n n e l  c i r c u i t  ( f i g .  1 ) .  
permanently,  t h i s  wall is des igned  to  a t t e n u a t e  t he  n o i s e  r a d i a t i n g  forward of the  
40 x 80 test  s e c t i o n  d u r i n g  powered model o p e r a t i o n .  
S i n c e  the southwest  c o r n e r  of vane se t  7 is opened 
Vane Set 7 
Vane set 7 is located a t  the  southwest  wall of the  40 x 80 t u n n e l .  
80 x 120 mode, t h i s  set is opened t o  exhaus t  t he  airflow upward t o  the  atmosphere.  
Except for the  southwest c o r n e r  d u r i n g  the  40 x 80 mode, it is closed to  form a 
wall. A t  the southwest c o r n e r ,  a l l  of t he  vane p a n e l s  are deflected permanently 
accord ing  to  t h e  d e f l e c t i o n  s c h e d u l e  shown i n  f i g u r e  8. T h i s  p r o v i d e s  an a i r -  
exchange exhaus t  opening d u r i n g  40 x 80 o p e r a t i o n  ( ref .  6 ) .  The e n t i r e  vane set  
c o n s i s t s  o f  12 h o r i z o n t a l  rows and 9 v e r t i c a l  columns of f l a t  r e c t a n g u l a r  p a n e l s  
wi th  a n  average  chord and p i t c h  of 10.5 f t .  The panel  dimensions are shown i n  
f i g u r e  8. These panels are suppor ted  by a s t r u c t u r a l  framework t h a t  c o n s i s t s  of 
e i g h t  exposed v e r t i c a l  columns 1 f t  wide and ,  a t  each 11-ft e l e v a t i o n ,  by h o r i z o n t a l  
members 1 f t  wide t h a t  span between the  columns. A 74% p o r o s i t y  b i r d  s c r e e n  is 
attached from the o u t s i d e  t o  t h i s  framework. 
d i a g o n a l  b r a c i n g  i n  each  of the roughly 10- by 20- f t  bays.  
t o  the s t r u c t u r a l  members and p a n e l s  is approximately 16% of the open area i n  f r o n t  
of the vane set. For the 80 x 120 o p e r a t i o n ,  each h o r i z o n t a l  row of p a n e l s  is 
deflected to  t u r n  the a i r  upward, s t a r t i n g  a t  25" with r e s p e c t  t o  the  h o r i z o n t a l  
p l a n e  a t  the  bottom and vary ing  i n  2' increment t o  45" a t  the  top .  A 45" ramp a t  
ground l e v e l  is loca ted  o u t s i d e  of t h e  vane set to  def lect  t h e  e x h a u s t  upward a t  
ground l e v e l  (ref.  7 ) .  
During t h e  
The s c r e e n  has a 5- by 5- in .  a n g l e  
The s o l i d  blockage owing 
Vane Set 8 
Vane s e t  8 is located a t  the s o u t h e a s t  c o r n e r  of the 40 x 80 c i r c u i t .  Th i s  se t  
Eleven f u l l - c h o r d  rows of 
has 159 vanes w i t h  a chord of 3 f t  and a p i t c h  of 1.5 f t ,  and a span of 132.5 f t .  
The vane h a s  a c i r c u l a r - a r c  p r o f i l e  as shown i n  f i g u r e  9. 
h o r i z o n t a l  s p l i t t e r  p l a t e s  are evenly  spaced a t  approximate ly  14.4 f t  i n  e leva-  
t i o n .  Each s p l i t t e r  ex tends  t h e  f u l l  span width of the vane set .  
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CONDITIONS AND PROPERTIES USED IN LOAD CALCULATIONS 
Global design and operating loads and local design loads were calculated for 
the vane sets located in the 40 x 80/80 x 120 wind tunnel as shown in figure 1. 
global design loads are used to determine the aerodynamic loads on the structure 
supporting a vane set. 
namic loads are distributed along the span of individual vanes. These loads are 
used to determine aerodynamic loads on aerodynamic surfaces acting on the substruc- 
ture supporting these surfaces, and the attachment of the individual vanes to the 
supporting superstructure. 
maximum speed operation and are to be used as limits for the forthcoming Integrated 
System Tests (IST). 
The 
The local design loads primarily describe how the aerody- 
.. 
The global operating loads are expected loads during 
The loads were calculated assuming maximum test-section speeds of 300 knots and 
100 knots, which correspond to dynamic pressures of 262.44 lb/ftL and 33.18 lb/ftL, 
respectively, for the 40 x 80 and the 80 x 120 circuits. Loads were calculated for 
the vane-set flow conditions shown in table 1. Additional loads owing to the effect 
of jet exhaust or vortex wake were calculated for the appropriate vane sets. It was 
2ssnmed t.hzt. Jet. osh2ust ln2ds and ?In?tos loads would nct occur simultanewsly. 
Vane-set loads can be related to flow onset angle, outflow angle, viscous drag 
coefficient, pitching moment coefficient, dynamic pressure, splitter-plate drag 
coefficient, and vane-surface roughness coefficient. 
Onset Angle 
For the vane set located in or at the end of a diffuser section of the tunnel 
circuit the onset angle for the design load was assumed to be bounded by the angle 
of the two sidewalls measured relative to the circuit centerline. For vane sets 2 
and 8, which are located in the constant-area duct of the tunnel circuit, the onset 
angle was determined by the angle of outflow from vane sets 1 and 6, respectively. 
Outflow Angle 
Except for vane set 6, an outflow angle was determined for a selected 
onset angle using the l/lO-Scale Vane-Set Facility data (ref. 1 ) .  A Reynolds- 
number-effect correction of -1' (overturning) was added to this outflow angle. 
Reynolds number correction was assumed to  be independent of onset angle. 
For 40 x 80 operation an outflow angle of +3" was selected for vane set 6 to account 
for possible swirling flow effects of the wind-tunnel-circuit drive fans located 
upstream of the vane set. 
This 
An angle 
* of _+2O was then added to this outflow angle with the Reynolds-number correction. 
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Viscous Drag Coefficient 
Individual vane coefficients were determined from the l/lO-Scale Vane-Set Test 
Facility data by integrating the total-pressure profiles over several vane pitches 
for a selected onset angle, as described in reference 1. The maximum measured value 
of these coefficients was selected to calculate drag owing to viscous effect. Drag 
coefficients of 0.065 for vane set 3 and of 0.089 for vane set 4 were obtained from 
the previous IST data of 1982. 
Pitching Moment Coefficient 
The pitching-moment coefficient was determined about the vane quarter chord 
from the integration of the l/lO-scale chordwise surface-pressure data, except for 
vane sets 3 and 4. 
for the load calculation. The pitching moment coefficients for vane sets 3 and 4,  
which were analyzed as flat plates at angle of attack, were obtained from 
reference 8. 
The maximum measured value from the l/lO-scale tests was used 
Dynamic Pressure 
For the 40 x 80 mode, the dynamic pressure for global load was obtained by 
three-dimensional integration of the total-pressure surveys in front of the vane 
sets from the 1/50-scale model of the 40 x 80 tunnel. 
the horizontal centerline and at the vertical location of maximum total-pressure 
profile with the test-section empty. 
dix A. An air-exchange rate of lo%, the maximum anticipated, was used since the 
loads will be higher for vane sets 2, 3,  5, and 6 with the air-exchange open. 
These surveys were taken at 
The integration method is described in appen- 
The spanwise variation (floor to ceiling) of dynamic pressure along the vane 
span was determined from the measurement of the 1/50 scale model. This profile was 
reduced to full scale by the method described in the following section (Calculation 
Method). 
The jet- and propeller-wake dynamic pressure profiles at affected vane sets 
were obtained by the method described in appendix B. 
For the 80 x 120 mode, the dynamic pressure profile without the jet or pro- 
peller wake was assumed to be uniform at any given station within the tunnel 
circuit. 
L 
Vane Splitter Plate Drag Coefficient 
A drag coefficient of 0.025 was selected for a local lift coefficient of 0.8 
using a NACA 0012 airfoil. 
intersection effect of the splitter plate with the vane. 
This drag coefficient was doubled to account for the 
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Vane-Surface Roughness 
A drag coefficient of 0.02 was determined from the l/lO-scale test data with a 
number 70 carborundum grit buildup on the vane surface. This value was doubled for 
the load calculation to account for vane-surface roughness owing to buildup from jet 
engine exhaust contamination. 
CALCULATION METHOD 
Global Loads 
Global loads were calculated using equations from reference 9. These equations 
were used t r ?  calsl?late the g l n h l  loads f ~ r  vane sets l i  2, 5 i  h i  7,  and 8. Global 
loads for each of the aforementioned vane sets were calculated using identical 
equations; however, each vane set had a correction coefficient or a set of correc- 
tion coefficients to take into account such factors as the dynamic pressure profiles 
(q profiles); the splay angles of the vane set (vane set 5 only; see appendix C); 
and, for vane sets 2, 4 ana 5, tie effect of jet-exhaust or propeller-wake impinge- 
ment on the vane set. 
The basic equations that were used are as follows: 
v, = v, 
1 2 
V = V, COS B 1  
1 2  2 2 
2 9 
Drag = - pV,(tan 62 - tan el)A + x A x q 
Lift = pV,(tan B1 - tan 62)A 2 
The sign convention for the above equations is shown below. (Note that the 
direction for drag is opposite to that used in ref. 9.) 
TUNNEL Q 
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The equations used to calculate these component loads are presented below. To 
minimize errors these equations were programmed on a computer. 
Drag Loads- Global drag is composed of viscous drag of the smooth vanes, invis- 
cid drag of the vanes, drag on the splitter plates including interference effects at 
the splitter-plate vane intersections, and drag owing to vane-surface roughness. 
Equations for component drag loads are as follows: 
~ A V G  AnF3 Viscous drag = 
1 2  2 2 
2 Inviscid drag = - pVz(tan B2 - tan B1)AF3 
Roughness drag = ‘AVGA($ ):3 
Splitter plate drag = 4 qAVG A sp ( c )  d sp F 
Additional drag loads owing to impingement of a vortex, jet, or propeller wake 
The calculation of these loads is 
were calculated for vane set 1 (40 x 80 mode) and vane sets 4 and 5, (80 x 120 
mode). 
described in reference 10. 
the dynamic pressure distribution using the method shown in appendix B. 
Vortex loads were inputs in the program. 
Loads owing to jet or propeller wakes were obtained from 
The global drag for a particular vane set is the summation of the above loads. 
Global Lift- Global lift is the lift owing to momentum effects across the vane 
set. The momentum lift is calculated using the following equation: 
Global Pitching Moment- The pitching moment was calculated in two steps. The 
pitching moment per vane span was first calculated and then the total pitching 
moment was calculated by multiplying this value by the total span length of the vane 
set. The equations used are 
L 
3 Pitching moment/span = qAVGcmc F 
Pitching moment = pitching moment/span x span 
The equations presented in the above sections were used to calculate both the 
global design and the global operating loads. 
all vane sets. 
ing summary sheets. 
The following general notes apply to 
For specific vane sets there are additional notes on the correspond- 
1 .  
2.  
Loads are acting at the 1/4 chord location except as noted 
Lift loads are acting along the vane set with the positive direction toward 
the outside wall 
. 
3 .  Drag loads are perpendicular to the vane set 
J 
Rolling Moment- Global rolling moments about the vane mid-span for vane sets 1 
and 5 were calculated for the load resulting from a trailing vortex generated by a 
model wing. The vortex center was assumed to be located at the horizontal center- 
line of the wind tunnel. 
Local Loads 
The maximum lift, drag, and pitching moments along the span of an individual 
These include effects of model jet- and propeller-wake vane were calculated. 
impingement and trailing-vortex impingement for the affected vanes set. 
that are supported by trusses, the truss effects are included. 
the assumptions made to calculate loads: 
For vanes 
The following are 
1. The 1/50-scale measured vertical q-profile represents the maximum profile 
of the vane set 
2. The measured vertical q-profile in front of a vane in the 1/50-scale model 
of the wind tunnel is proportional to the full-scale q-profile, the constant of 
proportionality being equal to the ratio of the test section 9's. 
3 .  Adjustments for differences in air-exchange rate between the 




Mass flux through the vane set is constant regardless of inf 
Vortex and jet impingement do not occur simultaneously 




7. Cascade equations for lift and drag of reference 9 apply to all vanes 
(exceptions noted) 
The following equations were used to determine loads: 
1. Full scale local q (lb/ft2): 
The first term of equation (1) corrects for differences in the air-exchange 
rate between the full-scale and 1/50-scale tunnels. The second term insures the 
constancy of the mass flux through the vane set. 
tion (2) above. 
The last term is based on assump- 
2. Viscous drag (lb/ft) : 
9 
3. Inviscid drag (lblft): 
= P cos 2 (Bl)(tan 2 B2 - tan 2 B1)q 
Di 
4. Inviscid lift (lb/ft): 
2 Li = 2P cos 
Pitching moment about l/4-chord (ft.lb/ft) : 
Bl(tan B 1  - tan 8,)s 
5. 
2 M = c CmqV 




7. Loads due to jet or pr'opeller wake: 
qjet ( lb/ft2) 
D (lb/ft) = rlPq 
Jet V 
2 2 2 D (lb/ft) = P cos B,(tan B 1  - tan B1)qjet 
L. (lb/ft) = 2P cos  tan B 1  - tan ki2)qjet 
5 
1 
2 M (ft-lb/ft) = c Cmqjet 
8. Loads due to trusses (see appendix D): 
Dtruss (lb/ft) = 39.34 9, (or qjet) 
value calculated using cd = 1.7 (ref. 11 ) 
Ltruss (lb/ft) = 0 
(ft-lblft) = 221.09 qv (or q ) 
Mtruss Jet 
. 
The lift and drag forces are parallel and perpendicular, respectively, to the 
vane stagger line. 
equations were used: 
To translate the forces to the plane of a vane, the following 
DDT (lb/ft) = (Di + Dv) cos(sa) - Li sin(sa) 
10 
LLT (lb/ft) = Li cos(sa) + (Di + Dv)sin(sa) 
Vortex Loads 
The three-dimensional panel code VSAERO (ref. 12) was used in evaluating the 
effect of vortex wakes originating from unpowered models on the turning vanes. 
analytical method for calculating these loads for the affected vane sets is dis- 
cussed in reference 10. Loads from vortex-wake effects were based on a model lift 
of 100,000 lb for both 40 x 80 and the 80 x 120 operation. 
The 
Jet-Exhaust and Propeller-Wake Effects 
The effect nf a2 asisymmetical Jet wake and a propeller wake (parallel to the 
free stream) owing to a powered model was considered for the vane-set downstream of 
the test section for both the 40 x 80 and 80 x 120 modes. This effect results in a 
dynamic pressure increase at the vane set over that when the wind tunnel is operated 
without the model. 
wakes was studied. 
considered. 
Only the direct impingement effect of the jet and propeller 
'me vortex effect induced by the exhaust flow fieid was not -- 
40 x 80 Mode- The dynamic pressure distribution including the effect of the jet 
or propeller wake in front of vane set 1 was determined by satisfying the conserva- 
tion of mass and energy laws between the test section and the vane set and by uti- 
lizing a jet-wake decay model from reference 13. The method used to determine the 
dynamic pressure distribution is described in appendix B. A uniform dynamic pres- 
sure distribution without the jet is determined by the method of reference 14. The 
difference between the two distributions at the vane set is assumed to be the effect 
of the jet or propeller wake. This effect is added to the dynamic pressure distri- 
bution obtained from the 1/50-scale-model measurements, which include the effects of 
the boundary-layer growth and the wakes of the diffuser columns located at the 
center of the primary diffuser. 
80 x 120 Mode- The dynamic pressure distribution in front of vane sets 4 and 5 
was determined with the jet wake by satisfying the conservation of mass and energy 
and by utilizing a jet decay model of reference 13. 
section and the vane sets were assumed to be parallel. 
these distributions is given in appendix B. 
The walls between the test 
The method used to calculate 
LOAD CALCULATION INPUTS 
The inputs required to calculate global design, global operating, local design, 
and local operating loads are as follows: 
1. Wind tunnel circuit velocity and dynamic pressure profiles 
1 1  
~ 2. TI v a l u e s  and out f low a n g l e s  
I 
I 3.  Chordwise su r face -p res su re  d i s t r i b u t i o n s  o f  t h e  vane 
4. cm va lues  
5. Vortex-wake loads  f o r  affected vane sets 
6. Jet and p r o p e l l e r  dynamic p r e s s u r e  p r o f i l e s  f o r  affected vane sets 
These i n p u t s  w i l l  be d i scussed  f o r  each vane set .  
Vane S e t s  1 and 2 
The 1/50-scale f a c i l i t y  t o t a l - p r e s s u r e  su rveys  i n  f r o n t  o f  vane sets 1 and 2 
are shown i n  f i g u r e s  10 and 1 1 ,  r e s p e c t i v e l y .  The h o r i z o n t a l  su rveys  show a t o t a l -  
p r e s s u r e  defect at  t h e  tunne l  c e n t e r l i n e  owing to  t h e  wake off n i n e  v e r t i c a l  s t r u c -  
t u r e s  spanning from t h e  f l o o r  t o  the c e i l i n g  columns and l o c a t e d  i n  series a t  t h e  
c e n t e r l i n e  o f  the  primary d i f f u s e r .  The s c a l i n g  o f  t h e s e  survey  data to  f u l l  scale 
f o r  sets 1 and 2 is shown i n  tables 2 and 3, r e s p e c t i v e l y .  
The v a r i a t i o n  o f  rl-value and out f low a n g l e  wi th  o n s e t  a n g l e  f o r  sets 1 and 2 
is shown i n  f i g u r e  12. 
are shown i n  f i g u r e  13 for two o n s e t  a n g l e s .  
l/Q-chord was obta ined  by i n t e g r a t i n g  t h e s e  d i s t r i b u t i o n s .  
wi th  o n s e t  a n g l e  is shown i n  f i g u r e  14. 
Chordwise s u r f a c e - p r e s s u r e  d i s t r i b u t i o n s  o f  s e v e r a l  vanes 
The p i t c h i n g  moment abou t  the  
The v a r i a t i o n  o f  cm 
Since  vane s e t  1 is l o c a t e d  approximate ly  340 f t  downstream o f  t h e  test  sec- 
t i o n ,  t h i s  vane s e t  w i l l  be affected by t h e  impingement o f  t h e  v o r t e x  wake o r  pro- 
p e l l e r  wake o r i g i n a t i n g  from t h e  model. 
based on a model l i f t  o f  100,000 l b  is shown i n  f i g u r e  15. The vane spanwise vo r t ex  
load  and r o l l i n g  moment were ob ta ined  from t h i s  f i g u r e .  
The magnitude o f  t h e  v o r t e x  l o a d ,  which is 
The incremental  dynamic p r e s s u r e  i n c r e a s e s  a c r o s s  t h e  vane span  owing t o  an  
axisymmetric j e t  and p r o p e l l e r  wake are shown i n  f i g u r e  1 6 ( a ) ,  u s i n g  the  method 
described i n  appendix B. These i n c r e a s e s  are based on t h e  fo l lowing  eng ine  and 
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Test s e c t i o n  
c o n d i t i o n s  
These performances are c u r r e n t  maximum a l lowable  o p e r a t i n g  v a l u e s  for a model i n  the  
40 x 80 t u n n e l .  q-increment was added to the  v e r t i c a l  dynamic p r e s s u r e  p r o f i l e  
wi thout  the je t ,  which is shown i n  f i g u r e  16 (b ) .  The c e n t e r  of the  wake was assumed 
t o  be 27 f t  from the tunne l  c e n t e r  and impinged the  vane set 367 f t  from the  test  
s e c t i o n  ( f i g .  16 (b ) ) .  
l o c a t i o n  of f i g u r e  10(a) t o  provide maximum local loads. A j e t  sp read ing  rate o f  
0.128 was used t o  de te rmine  the  radial v e l o c i t y  d i s t r i b u t i o n .  Th i s  rate e q u a l s  a 
sp read ing  a n g l e  o f  7.27" ( I $  = tan'' 0.128). 
j e t  sp read ing  a n g l e  of 5.50" ( 4  = t an" ( l / l 08 ) )  from r e f e r e n c e  13 and adding 62.55 
o f  the primary d i f f u s e r  h a l f  a n g l e  of 2.83" t o  account  for the  j e t  sp read ing  caused 
by t h e  expanding area of the  d i f f u s e r .  
The 
This  l o c a t i o n  co inc ides  with the  maximum dynamic p r e s s u r e  
The a n g l e  was ob ta ined  from the  classic 
Vane Set 3 
I n  the 40 x 80 mode, the v e l o c i t y  and dynamic p r e s s u r e  p r o f i l e s  of vane set 3 
were assumed to  be the same as for vane set 2 ,  s i n c e  1/50-scale  model su rveys  were 
n o t  taken  i n  f r o n t  of vane set 3 .  
located i n  t h e  cons t an t - a rea  d u c t  of  the t u n n e l  c i r c u i t  a d j a c e n t  t o  vane set 2.  
An rl-value o f  0.065 was de r ived  from the vane se t  4 rl-value of 0.089 which was 
ob ta ined  du r ing  the 80 x 120 IST o f  1982. S ince  vane sets 3 and 4 have the  same 
des ign  excep t  for chord ,  t he  
set-3-to-vane-set-4 chord ra t io  and was assumed to be c o n s t a n t  with o n s e t  ang le .  
c a l c u l a t e  p i t c h i n g  moment, the f l a t  p l a t e  
( f i g .  17 ) ,  s i n c e  the vanes were considered to  be f l a t  p l a t e s .  
p i t c h i n g  moment were c a l c u l a t e d  by the fol lowing equat ions :  
This assumption was made because the vane set is 
rl-value was ob ta ined  by mul t ip ly ing  0.089 by the vane- 
To 
c, data o f  r e f e r e n c e  8 were used 
The t r u s s  drag  and 
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D t r u s s  = 39.34 q 
The v e l o c i t y  and dynamic p r e s s u r e  p r o f i l e s  for vane s e t  5 without  t h e  j e t  
effect  are tabula ted  i n  table 4 for t h e  40 x 80 mode. 
t h e  1/50-scale t o t a l - p r e s s u r e  surveys  i n  f r o n t  of t h e  vane set, as shown i n  f i g -  
u r e  20. The v a r i a t i o n  of the n-value and t h e  out f low a n g l e  wi th  o n s e t  a n g l e  is 
shown i n  f i g u r e  21 for both the  40 x 80 mode and 80 x 120 mode. 
p r e s s u r e  d i s t r i b u t i o n s  on three vanes are shown i n  f i g u r e  22 for s e v e r a l  o n s e t  
a n g l e s  for both modes of tunnel  o p e r a t i o n .  
d i r e c t l y  a d j a c e n t  t o  t h e  west wall f o r  t h e  80 x 120 mode, l i f t ,  d r a g ,  and p i t c h i n g  
moment c o e f f i c i e n t s  of t h e  vane a d j a c e n t  t o  the wall ( f i g .  2 2 ( e ) )  were used.  
v a r i a t i o n s  of c, wi th  o n s e t  a n g l e  is shown i n  f i g u r e  23. F i g u r e  24 shows t h e  
spanwise loads owing to  a vor tex  wake. Global loads owing t o  v o r t e x  d r a g  and r o l l -  
ing moment were c a l c u l a t e d  us ing  t h i s  f i g u r e .  Global d r a g  load owing t o  the  v o r t e x  
was computed by assuming a p o s i t i v e  drag  across t h e  vane span and a one-half  load 
decrease  between each vane. 
the vane midspan. 
These p r o f i l e s  are based on 
Chordwise s u r f a c e  
To de termine  t h e  load on t h e  vane 
The 
Rol l ing  moment owing to  t h e  vor tex  was computed a b o u t  
1 4  
~ . ~~ 
= 221.09 q * t r u s s  
The d e r i v a t i o n  of t h e s e  c o e f f i c i e n t s  is shown i n  appendix D. When the  vane-se t  
forms a wall during 80 x 120 o p e r a t i o n ,  t h e  dynamic p r e s s u r e  i n  f r o n t  of vane set  5 
was used to  determine t r u s s  loads. 
Vane Set 4 
The dynamic pressure  p r o f i l e  was assumed to  be uniform for  t h e  80 x 120 mode. 
T h i s  p r e s s u r e  was c a l c u l a t e d  us ing  a boundary-layer displacement  t h i c k n e s s  correc- 
t i o n  of 0.5 f t .  This  displacement  t h i c k n e s s  was measured d u r i n g  t h e  80 x 120 IST of 
1982. An q value of 0.089, which was o b t a i n e d  from t h e  80 x 120 IST data of 1982, 
was assumed cons tan t  with o n s e t  angle .  Values of cm for a f l a t  p l a t e  were used t o  
c a l c u l a t e  p i t c h i n g  moment, as shown i n  f i g u r e  17. 
p i t c h i n g  moment, the equat ions  of vane set  3 were used s i n c e  t h e  t r u s s  dimensions of 
t h e  two vane sets are n e a r l y  equal .  
moment about  t h e  vane 1/4 chord were c a l c u l a t e d  from a drag  c o e f f i c i e n t  of 0 .7  
( r e f .  15) for  t h e  e l l i p t i c a l  cross s e c t i o n  shown i n  f i g u r e  4 ( c )  and an assumed 
moment arm of 2.64 f t  normal to  t h e  vane s u r f a c e ,  r e s p e c t i v e l y .  F i g u r e  18 shows t h e  
vor tex  l o a d s  t h a t  are  based on a model l i f t  of 100,000 l b .  
To c a l c u l a t e  t h e  t r u s s  d r a g  and 
Vane 4C space  t r u s s  drag  load and p i t c h i n g  
The v a r i a t i o n  o f  dynamic p r e s s u r e  and temperature  to  de termine  maximum local 
load w i t h  j e t  e f f e c t  is shown i n  f i g u r e s  19 (a )  and 1 9 ( b ) ,  r e s p e c t i v e l y ,  as a func-  
t i o n  of vane span. The c e n t e r  of t he  j e t  wake was assumed to  be offset  1/4 o f  the  
tunnel  width from t h e  tunnel  c e n t e r l i n e ,  and t h e  j e t  o r i g i n  was located 205 f t  from 
t h e  vane set .  
I Vane Set 5 
The variations of the dynamic pressure and temperature across the vane span to 
determine the maximum local loads with jet and propeller wakes are shown in fig- 
ures 25(a) and 25(b), respectively. To determine global loads with jet and propel- 
ler wakes, two wake centers were assumed to be located symmetrically 0.18 of the 
tunnel width from the tunnel centerline across the vane set width and at the tunnel 
centerline across the vane span. 
profile across the vane set width and vane span is shown in figures 26b) and 26(b), 
respectively, with the wake origin 303 f t  from the vane set. The profile is based 
on a single jet or propeller operating in the test section of the 80 x 120 tunnel 
with no interaction effect between the two wakes. The use of this profile for the 
case of two jet or propeller wakes was considered adequate for the first estimation 
of global loads. 
The variation of the maximum dynamic pressure 
. 
Vane Set 6 
The 1/50-scale total-pressure surveys in front of vane set 6 with the flaps 
deflected 80" is shown in figure 27 for 40 x 80 operation. The scaling of these 
surveys to full scale is shown in table 5. 
of 0" to 5" obtained from the l/lO-Scale Vane-Set Test Facility are shown in fig- 
ure 29. 
normal force coefficient (cn)f, and (cm)f about the flap hinge line as shown in 
figures 30 and 31, respectively. 
for values at 23.4. onset angle and Oo flap deflec- 
tion were obtained by assuming that the variation of these values with flap deflec- 
tion at k3.40 onset angle is the same as the variation with flap deflection at Oo 
onset angle. 
angle represents the half angle of the diffuser sidewall upstream of vane set 6. 
The variation of rl with onset angle is 
shown i I i  r"iguf;e 28. The cti(jr;wise surface-pressui~e distri;Utions fol; 
These distributions were used t o  determine the vane set cm, the flap 
Since data were obtained only at Oo onset angle 
6f = O o ,  cmcI4, cnf, and cmf 
Onset angles of 23.4" were selected for load calculations since this 
Vane Set 7 
For the 80 x 120 mode, a uniform dynamic pressure of 4.7 lb/ft2 in front of the 
vane set was assumed for a test section q of 33.18 lb/ft2 (100 knots). This value 
was obtained by extrapolating the 80 x 120 IST data of 1982 as shown in figure 32. 
An onset flow angle of 0" and an outflow angle of 40° at the vane set exit were used 
to determine global loads. The outflow angle was based on laser-Doppler velocimeter 
measurements of the 1/50-scale model ofthe 40 x 80 tunnel, as shown in figure 33. 
An 
atmospheric. For determining local loads, the vanes were considered as infinite- 
aspect-ratio flat plates at an angle of attack of 45'. With these assumptions, a 
center of pressure location at 44% chord from the leading edge was determined from 
reference 16. A bird-screen pressure-loss coefficient of 0.470 was determined for 
an onset angle of 0" from reference 17 and was verified using l/lO-scale data with a 
porosity correction from reference 18. 
pressure-drag coefficient of 0.349 in the drag direction and the tangential-force 
coefficient of 0.143 with an outflow angle of 40", using the method of 
rl-value of 1.73 was derived from figure 32 assuming the exit static pressure as 
This value was used to determine the 
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reference 19. The structural members were considered as infinitely long flat plates 
with an onset angle of 45". 
axis from reference 16 was used to determine the local load on these structural 
element. 
A lift and drag coefficient of 1.2 based on the wind 
2 
front of the vane set, which corresponds to an air exchange of 10%. 
exchange mass flow is based on a ratio of test-section velocity with and without air 
exchange equal to 0.94, as shown in reference 7. 
the vane set was determined to be 2128.2 lb/ft2 from figure 32, and the static 
pressure at the exit of the vane set was assumed to be at atmospheric pressure. 
Except as noted in this paragraph, all assumptions and inputs to compute loads were 
the same as those described for the 80 x 120 mode. 
For the 40 x 80 mode a uniform dynamic pressure of 2.89 lb/ft was assumed in 
The air- 
The static pressure in front of 
- 
~ Vane Sets 1 and 2 
Vane Set 8 
The full-scale velocity and dynamic pressure profiles for vane set 8 are tabu- 
lated in table 6. These profiles are based on the 1/50-scale total-pressure surveys 
in front of the vane set, as shown in figure 34. The variation of ri and outflow 
angle with onset angle as determined from l/lO-scale tests are shown in figure 35. 
Chordwise surface-pressure distributions for several onset angles are shown in 
figure 36. The variation of cm with onset angle is shown in figure 37. 
Maximum global design and operating loads from these cases are presented in 
figures 38(a) and 38(b), respectively, along with the sign convention of the 
loads. 
and 2, respectively, for the load cases considered. 
Figures 38(c) and 38(d) show tabulated global design loads of vane sets 1 
. 
RESULTS 
Several load cases were computed for each vane set. Maximum global design 
loads, global operating load, and maximum local design loads were determined from 
these cases. The load cases that were considered, along with the inputs, are tabu- 
lated in tables 7 through 13. The global design, global operating, and local vane 
spanwise loads are shown in figures 38 through 53. 
will discuss the results for each vane set. 
The remainder of this section 
Since the vane design and frontal area are the same for vane sets 1 and 2, 
global and local loads of both vane sets are considered together in this section. 
The load cases considered are shown in table 7. 
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For the local design load, vane set 1 is more critical than vane set 2 because 
of the additional load owing to vortex, jet, or propeller wake effects. 
estimated local design loads were obtained at an onset angle of 3.0° and an outflow 
angle of Oo for lift, and at an onset angle of -3.0° and an outflow angle of -4.0° 
for drag. The vane spanwise local loads with vortex-, jet-, and propeller-wake 
effects are shown in figure 39. For the jet-wake effect, only turbofan A was con- 
sidered since the dynamic pressure distributions of turbofans A and B are approxi- 
mately equal. Loads were calculated with vortex, jet, and propeller wakes acting at 
the vane midspan and coinciding with a horizontal location in the diffuser where the 
maximum dynamic pressure occurred without these wake effects (see fig. 10(b)), that 
is, between the walls of the diffuser and the support columns down the centerline of 
the diffuser. The vortex effect is more critical than the jet or propeller effect 
at vane set 1 because of the higher drag load, as shown in figure 40. 
Maximum 
L 
Vane Set 3 
For the 40 x 80 mode, only the vane spanwise loads were computed since global 
loads can be obtained from these loads. Because vanes 31 and 3L are located in an 
loads were calculated for these vanes (see fig. 3(a)). These loads for vane 3 are 
shown in figure 41 for the load cases shown in table 8. The two values of onset 
angle used to calculate local design loads provided maximum positive and negative 
lift values. 
ai-ea uk'ei.e the iiert.cai 4yii&..,ic press-ui.e is a max~ifl .~Tl,  L L -  7 - - - 1  > - - ?  -- b I l e  lUOdL uesig11 
For the 80 x 120 mode, in which the vane set forms a wall, the maximum esti- 
mated wall-pressure differential is 62 lb/ft2 based on IST measurements of 1982. 
The loads owing to the vane truss (see fig. 4) are shown in figure 41 (g) . 
Vane Set 4 
Only the local design and local operating loads were calculated for this vane 
set. For the 80 x 120 mode, vane 4C (fig. 4(a)) was selected to determine these 
loads because its aerodynamic surface area is maximum among the vanes. 
were obtained for onset angles of O o ,  3", 5", and loo, and for an outflow angle of 
O o ,  as shown in table 9, for the following conditions: 
Local loads 
1. No vortex- or jet-wake effects 
2. Vortex-wake effect acting at the vane midspan 
3.  Jet- and propeller-wake effects acting at the vane midspan 
Graphs of these loads are shown in figures 42(a) through 42(1), and tabulated values 
are shown in figures 42(m) through 42(x). The effect of vortex, jet, and propeller 
wakes on the spanwise vane loads is shown in figure 43 for the operating load at 
onset and outflow angles of O o .  For most cases, the wake effect increases loads; 
however, the vortex wake decreases the pitching moment and has no effect on the 
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drag. For the case of 
the propeller wake are approximately double those with no wake effect. 
= c2 = 0 the peak lift, drag, and pitching moments with 
Maximum local loads for the 40 x 80 mode were determined along a vertical 
line where the dynamic pressure is expected to be the highest. 
these calculations are 3" and -3",  which result in a maximum positive and negative 
lift load, respectively. 
ures 47(a) through 47(d) for an air exchange rate of 10%. 
The onset angles for 
The local loads based on these angles are shown in fig- 
i 
For the 40 x 80 mode, the vane set forms a wall. 
pressure differential is 62 lb/ft2 based on IST measurements of 1982. 
owing to the vane spanwise truss (fig. 3)  and vane 4C space truss are shown in 
figure 44. 
The maximum estimated wall- 
The loads 
Vane Set 5 
The global and local loads for vane set 5 were calculated for both the 40 x 80 
The load cases considered are mode with 10% air exchange and the 80 x 120 mode. 
shown in table 10. Using the method described in appendixes A and C, the calcula- 
tion of the global loads for the 40 x 80 mode include the effect of the nonuniform 
dynamic pressure profile and the effect of vane splay angle. 
the loads owing to the impingement of a lift-generated vortex wake, a jet wake, and 
a propeller wake were also determined. Maximum global design and global operating 
loads with no vortex-, jet-, or propeller-wake effects for both modes of operation 
are shown in figures 45(a) and 45(b), respectively. 
For the 80 x 120 mode, 
For the 80 x 120 mode, the effect of the vortex-wake center acting at the vane 
midspan on the maximum global design loads is to increase drag 12% and to add a 
rolling moment, as shown in figure 45(c). 
centers acting at the vane midspan is to increase the maximum loads and pitching 
moment as shown in figures 45(d) and 45(e), respectively. 
lated based on two wake centers that were located symmetrically at 18% of the vane- 
set width from the tunnel circuit centerline. 
The effect of jet-wake and propeller-wake 
These loads were calcu- 
For the 80 x 120 mode, tabulated global design loads with no wake effects, 
vortex-wake effect, jet-wake effect, and propeller-wake effect for the load cases 
considered are shown in figures 45(f) through 45(i), respectively. For the 40 x 80 
mode, tabulated global design loads for the load cases considered are shown in 
figure 45( j). 
Maximum local lift and drag loads for the 80 x 120 mode were selected from the 
load cases presented in figure 45(a). 
through 46(f) and tabulated in detail in figures 46(g) through 46(1). 
These loads are presented in figures 46(a) 
The vane adjacent to the west wall in the 80 x 120 circuit will have higher 
local loads because of wall effects. 
the aerodynamic coefficient shown in figure 22(e). 
These loads are shown in figure 46(m), using 
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Vane Set 6 
Global loads were c a l c u l a t e d  f o r  t h e  40 x 80 mode with 10% air  exchange and f o r  
t he  80 x 120 mode for the  vane set 6 cases shown i n  table 1 1 .  
+3.4O (see f i g .  7 )  was selected because it is t h e  h a l f  a n g l e  of t h e  d i f f u s e r  wall 
upstream of t h e  vane set. 
An o n s e t  a n g l e  of 
The g l o b a l  des ign  and o p e r a t i n g  loads are shown i n  f i g u r e s  4 8 ( a )  and 4 8 ( b ) ,  
r e s p e c t i v e l y ,  f o r  both modes. S ince  the f l a p  loads  are handled s t r u c t u r a l l y  inde-  
pendent of t he  f ixed  vanes,  the loads per f o o t  o f  vane span on the t r a i l i n g - e d g e  
f l a p s  are also inc luded  i n  these f i g u r e s  for both modes of o p e r a t i o n .  These loads 
were c a l c u l a t e d  from t r a i l i n g - e d g e  f l a p  normal and h inge  moment c o e f f i c i e n t s  shown 
i n  f i g u r e  31. 
The loads on the f i x e d  p a r t  of the vane for the 80 x 120 mode are also shown i n  
For t h e  40 x 80 mode, the  local loads on the f i x e d  p a r t  of f i g u r e s  48(a j and 48( b) . 
the vane were computed a t  
l o c a t i o n s  were selected because,  as  shown i n  f i g u r e  49, the dynamic p r e s s u r e  is 
h i g h e s t  a long  these v e r t i c a l  l i n e s .  
z/W = 0.100 and 0.414, as shown i n  f i g u r e  49. These two 
The f a c t o r s  needed t o  determine the o u t e r  co rne r  vane local load owing to  t h e  
wall effect  were ob ta ined  by the  r a t i o  of t h e  l / lO-sca le  i n t e g r a t e d  p r e s s u r e  coeffi- 
c i e n t s  between the  vanes nea r  the  wall and the vanes a t  the c e n t e r  of the vane 
sets. These f a c t o r s  are: 
L, = 1.71 hV 
D, = 2.28 D, 
Vane Set 7 
S ince  the outf low a n g l e  of vane set 6 ,  which is located j u s t  upstream of vane 
set  7 ,  can be a d j u s t e d  by d e f l e c t i n g  the t r a i l i n g - e d g e  f l a p s ,  t h e  aerodynamic g l o b a l  
des ign  and g l o b a l  o p e r a t i n g  loads  of vane set  7 were cons idered  equa l .  Both the 
g l o b a l  and local l o a d s  for the 80 x 120 mode and the 40 x 80 mode, based on the 
i n p u t s  shown i n  table 12, are summarized i n  f i g u r e  50. Detailed c a l c u l a t i o n s  t o  
determine these l o a d s  are shown i n  appendix E .  
( 1 )  by the method o f  r e f e r e n c e  9 for a cascade vane set for which the o n s e t  and 
outf low v e l o c i t i e s  normal to  the  vane s t agge r  l i n e  are assumed and (2) by a momentum 
p r i n c i p l e  tha t  accounts  f o r  t he  h ighe r  e x i t  v e l o c i t y  owing t o  the blockage of the 
s t r u c t u r e  and b i r d  sc reen .  
methods were selected t o  provide  a conserva t ive  estimate of the l o a d s .  
The g l o b a l  load was determined 
The h ighe r  l i f t  and d rag  loads c a l c u l a t e d  from these 
The local vane load was ob ta ined  by assuming a vane a n g l e  of 45O us ing  t h e  
momentum p r i n c i p l e .  
s u r f a c e .  
This  load  was t r a n s l a t e d  normal and p a r a l l e l  t o  t h e  vane 
19 
The local bird-screen lift and drag loads were determined assuming a 10% wake 
This increased the onset dynamic pressure by 21% blockage upstream of the screen. 
relative to what it would be with no blockage correction. 
Vane Set 8 
Global and local loads for vane set 8 were calculated for the load cases shown 
in table 13 for the 40 x 80 mode. 
shown in figures 51(a) and 51(b), respectively. 
load cases considered are tabulated in figure 51(c). 
Maximum global design and operating loads are 
The global design loads for the 
The local design loads at the center of the vane set are shown in figures 52(a) 
through 52(d). For the load cases considered, the maximum vane lift distributed 
along the vane span is obtained at an onset angle of 3.0° and at an outflow angle of 
-4.8O, as shown in figure 52(b); and maximum vane drag distributed along the vane 
span is obtained at an onset angle of -3.0° and at an outflow angle of -6.8", as 
shown in figure 52(d). These outflow angles were obtained from figure 35. 
of figures 52(a) through 52(d) are tabulated in figure 53. 
The data 
CONCLUDING REMARKS 
Maximum global and local loads have been determined for each turning vane set 
of the National Full-scale Aerodynamic Complex (NFAC). Analytical methods to deter- 
mine these loads have been presented. An intensive effort was undertaken to predict 
these loads with a minimum of uncertainties by the use of experimental data. These 
data were obtained from the l/lO-Scale Vane-Set Facility and the 1/5O-Scale Facility 
of the NFAC. Additional loads on the vane sets owing to a vortex wake, a jet wake, 
or a propeller wake originating from a test model were also considered. 
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APPENDIX A 
THREE-DIMENSIONAL INTEGRATION OF THE DYNAMIC PRESSURE PROFILES 
ACROSS A VANE SET 
The integration method is based on a vertical total-pressure survey and a 
horizontal total-pressure survey of the 1/50-scale 40- by 80-Foot Wind Tunnel model 
across a vane set. 
to full scale: 
The following assumptions were made to scale the 1/50-scale data 
1. The 1/50-scale profiles represent maximum total-pressure measurements of 
the vane set 
-. 2. ‘The ii50-scale profiies can be scaied using the ratio of the test section 
dynamic pressures 
The 1/50-scale total-pressure profiles were reduced to dynamic pressure pro- 
files by assuming a constant static pressure and dividing by 1/50-scale test-section 
dynamic pressure: 
Y x CONV x 144 - -  qn - 
‘sots x x 5.19 
- -  qV 2 x CONV x 144 
a x x 5.19 ‘50ts 
where Y and z 
horizontal and vertical centerlines of the tunnel circuit, respectively, as measured 
in the 1/50-scale mode. 
are the total-pressure profiles in front of the vane set along 
The above ratios are multiplied by the full-scale test-section dynamic pres- 
sure and adjusted for the air-exchange difference between full scale and 1/50 
scale according to the following formulas: 
2 ‘h 1 + mfs/lOO - -  
qh - ‘50ts 
2 
‘V - -  
qv - q50ts ‘fsts 
These local q values are divided by an average q value in front of the vane 
set. This average q value is based on a velocity that conserves mass throughout 
the wind-tunnel circuit according to the following formulas: 
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Velocity profile ratios along the horizontal and vertical survey lines are computed 
as follows: 
The local velocity ratios are integrated three dimensionally by the trapezoidal rule 
and are iterated until the law of continuity is satisfied. 
The integration is based on the following assumptions: 
1. The variations of local velocity profiles with vane span or vane-set width 
are the same as the measured profiles except for magnitude 
2. The magnitude of these profiles can be determined by the ratio of the local 
velocity to the maximum local velocity as determined from the 1/50-scale surveys 
3. The density is constant 
(VH/VAVG)dy/W = M 
z =o y=o 
(v/V dz/Vs (V,/VAVG)dy/W = 1.0 (A131 J'*O 2 =o max v 
y=o 
The final adjusted (VH/VAvG)FINAL ratio which satisfies the law of continuity 
is used to determine the final dynamic pressure ratio: 
AVC 
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The dynamic pressure ratios are integrated three  dimensionally by the trape- 




JET-EXHAUST AND PROPELLER-WAKE EFFECTS 
40 x 80 Mode 
For the 40 x 80 mode, the dynamic-pressure distribution in front of vane set 1 ,  
which is located at the primary diffuser exit downstream of the test section, is 
determined by satisfying the conservation of mass and energy and utilizing a jet 
decay model of reference 13. The sketch below is a plan view of the 40 x 80 tunnel. 
Conservation of mass: 
p,U1 dA = p2U2 dA 
2 
I 
A l  
Conservation of energy: 
At station 1 the free-stream condition and jet engine or propeller performances 
I are assumed to be known with an axisymmetrical jet exhaust or propeller wake. 
the jet case, the jet-exhaust conditions at the nozzle exit are determined by the 
following equations for a given thrust, mass-flow rate, stagnation temperature, 
pressure ratio, and nozzle exit diameter. 
For 
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PJ = P RT (B7) 
(B8) 
J J  
2 y/y-1 = PJ[l + ( y  - 1)/2MJ] 'OJ 
PR = P /Po 
OJ ts 
For the propeller case (see the following sketch) the velocity and diameter of 
the wake are determined by the following equations for given thrust and propeller 
diameter. 
peller are assumed to equal the free-stream values. 
The static pressure and air density upstream and downstream of the pro- 
TEST SECTION WALL - 
STREAMLINE 
- 
M, INE D- 




PRESSURE DlSTRl BUTlON 
u = [UES + 2Fp A ]I2
P t s  0 P 
1 /2 
= Do[ up 2up + Uts 3 
P 
At station 2, the wake-velocity decay was determined utilizing the similarity 
forms presented in reference 10 for an axisymmetric jet. 
(U, - U2)/(UJ - U2) = K , / ( X / D J ) K  Decay of jet-wake centerline 
ts velocity' 
(BIZ) 
(Up - U,)/(Up - U2) = K l / ( X / D p ) K  Decay of propeller-wake 
ts centerline velocity 
(TjC - T2)/(Tj - Tts) = K2/(X/Dj) Decay of jet-wake centerline 
t s  temperature 
(B13) 
(TpC - T2)/(Tp - Tts) = K2/(X/Dp) Decay of propeller-wake 
t s  centerline temperature 
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Jet-wake velocity profile 2 (U - U2)/(UJ, - u2) = p - (r/uUx) 
c 
(U - u2)/(uPc - u2) = u - (r/uux) Propeller-wake velocity 
profile 




2 (T - T2)/(TpC - T,) = p - (r/uTx) 
K1/K2 = 62/5.27 
2 2  u /uT = 721108 
U 
Determined empirically (B16) 
(ref. 13) 
Determined empirically (B17) 
(ref. 13) 
The free-stream conditions outside of the wake at station 2 are determined from the 
test conditions, assuming isentropic flow outside the jet. 
2 2 c T + U1/2 = c T + U2/2 
P 1  P 2  
The static pressure at station 2 is assumed to be uniform in the plane normal to the 
flow : 
The flow conditions at station 2 are determined by iterating equations 1 and 2 
The converged solution gives the static together with equations (12) through (21). 
pressure at station 2 (P,) and the jet decay rate (K1) required to satisfy the above 
equation set. 
80 x 120 Mode 
The dynamic pressure distribution is calculated by satisfying the conservation 
of mass and momentum between the test section and the section in front of the vane 
set. Parallel walls are assumed between the two sections. 
80 x 120 test section is shown below. 





PLAN VIEW OF 80- BY 120 WIND TUNNEL TEST SECTION 
Conservation of mass: 
Conservation of momentum: 
where dA = dy dz. 
The same equations ((3) through (21)) and assumptions discussed for the 40 x 80 
mode were used to determine the flow conditions at station 2, along with equa- 
tions (22) and (23). 
tion gives the static prpgsurp zt- stitinr! 2,  P- - 2' ---- ---- 
required to satisfy the equation set. 
These equations were solved iteratively. The converged solu- 
and tho Jet spreading rate, cU, 
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APPENDIX C 
VANE SET 5 CORRECTION FACTORS TO GLOBAL LOADS 
Vane set 5 has a variation of splay angle correction factors with no jet or 
propeller wake, and the splay angle is treated as an outflow angle. 
angle is added to the outflow angle obtained from the 1/10 scale data without splay. 
This splay 
= s a + €  + o  (C1) @2 2 
B2 = sa + c2 when u = 0 (C2) 
Correction factors are obtained to correct for the variation of splay angle and 
dynamic pressure by the three-dimensional integration method described in appen- 
dix A. These factors are applied to the global load equations shown in a preceding 
section (Calculation Method) in the main body of the report. 
- 
(tan 81 - tan 6;) 
F 1  = ~fiv’vmax)v(vH/yAVG)2 (tan B1 - tan B2) dz dy 
2 
A 
2 2 (tan 6; - tan 61) 
2 2 (tan B2 - tan 6 , )  
dz dy 2 1 2  2 D = 2 pVz(tan B2 
+ 4 2 p(Vz/cos B ~ ) ~ T I A  [[(VIV I2(V /V )2 dz dy max v z a  z 
3 
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1 2  2 2 
2 2  D = - pV (tan B2 - tan 6,)AF2 
For the case of a single jet or propeller sake or dual jets or propeller rakes 
originating from the test section of the 80 x 120 tunnel, the values for 
can be expressed as 
V and q 
'r V y,z=- 
'AVG V~~~ 
where r = distance from the jet- or propeller-wake centerline to the y,z location 
of interest. 
The constants F;, F2$ and F, 
3 
are then determined by integrating the appro- 
priate expressions. 
(tan B1 - tan  tan 81 - tan 62)dz dy F 1  = qr/qAVG 
F~ = II, qr/qAVG(tan 2 B2 - tan 2 Bl/tan 2 B2 - tan 2 Bl)dz dy 
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c g ’ +  STREAMLINE 
/FAIRING 
TRUSS CROSS SECTION 
SEC A-A 
APPENDIX D 
TRUSS LOAD AND PITCHING MOMENT 
Assume truss 
geometry same 





Truss frontal area 
using vane set 
geometry, ft2 
19 x 0.1 = 3.23 
8.7 x 0.17 = 1.48 
17 x 0.17 = 2.89 
19 x 0.17 = 3.23 
8.7 x 0.17 = 1.48 
17 x 0.17 = 2.89 
19 x 0.17 = 3.23 
8.7 x 0.17 = 1.48 







































Solidity = solid area/open area = 23.14/(9( 16.7)(34)(9)) 
= 23.14/456 = 0.05 
Truss pitching moment = (39.34)(5.62)q 
= 221.09q 
Use above equations for vane sets 3 and 4 since truss dimensions are nearly equal 
for both vane sets. 
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APPENDIX E 
VANE SET 7 LOAD CALCULATIONS 
GLOBAL LOAD CALCULATION FOR 80 x 120 CIRCUIT 
Flow Area Downstream of t h e  Bird Screen 
1 .  12-in. width exposed columns (8PL) = (8 x 12)(12 x 128.7) = 1030 f t2  
2. Horizontal  beam ( 9  i n . ,  1OPL and 12 i n .  1PL) 
= (197.2 - 8)[( 10 x 9/12) + (12/12) = 1608 f t2  
3. Diagonal bracing in  f r o n t  of bird screen ( s i x  hor izonta l  
rows, nine v e r t i c a l  rows), 5 x 5 x 1/11 in. 
= 6 x 9 x (5/12) x 30 x 2 = 1350 f t  
3988 f t2  
4. Exposed bird-screen blockage 
[ l  - (0.75 - 0.1055)2/0.752] = 0.262 of open area 




SB 0.226 (24,690 - 
0.226 (20,702) 
5424 f t2  
5. Bird-screen edge effect; assume 45% bird-screen blockage 
6. Flow area perpendicular t o  exit flow de f l ec t ed  40°: 
= (24,690 - 3988 - 0.45 x 5 4 2 4 ) ~ 0 ~  400 Aexi  t 
= 18,261 COS 400 




2. V 1  = 62.78 ft/sec 
3. Weight rate of flow = 119,007 lb/sec 




6. A1 = 24,690 ft2 
P1 = 2128.20 lb/ft2, T1 = 600 F 
P2 = 2116.80 lb/ft2, T2 = 600 F 
-F = 11g0007 (111.38 cos 400 - 62.78) - 24.690(2128.20 - 2116.8) x 32.2 
-F = 83.312 - 281,466 X 
Fx = 189,154 lb 
F - F2 sin 400 + F cos 400 = W/g(V2 sin 400) 
- P2A1 cos 400 sin 400 + P2A1 cos 400 sin 400 = W/g(V2 sin 400) 





3 = 0.002372 slugs/ft 2116.80 
Exit velocity: 
'2 = 53.3 x 520 x 32.2 
119.007 = 1 1  1.38 ft/sec '2 = 13,989 x 0.002372 x 32 
Global Load Using Impulse Momentum Equations 
GROUND LEVEL 
F, and F structural force acting on the fluid 
within the boundary. Forces due 
to fluid on structure equal and 
opposite in sign. 
Y 
Fl = PIA1 (assume uniform pressure distribution) 
F2 = P2A2 cos 40° (assume uniform pressure 
distribution) 
F3 = P2A1 sin 40° (assume uniform pressure 
distribution) 
P1 = 2128.20 lb/ft2 
P2 = 2116.80 lb/ft2 
-Fx + F1 - F2 cos 400 - F sin 400 = W/g(V2 cos 400 - V1 ) 3 
-Fx + P,A, - P A cos 2 400 - P2A1 sin 2 400 = W/g(V2 cos 400 - V1) 
2 1  
-F + A1(P1 - P2) = W/g(V2 COS 400 - VI) X 
32 
F = 119,007/32.2(111.38 s i n  400) 
F = 264,600 l b  
Y 
Y 
= 198,154 l b ;  use 198,000 lb Fx 
For 80 x 
'T1 - - 
- 
p s l  - 
41 - 





W =  
A1 = 
v2 = 
v2 - - 
- 
O2 - 
92 - - 
F = -264,600 l b ;  use -265,000 l b  Y 
Global Loads Using Cascade Equation of Reference 9 
Assume P = 2116.8 l b / f t 2 ,  T2 = 60°F 
s2 
120 mode: 
21 16.8 + 16.1 = 2132.90 l b / f t 2  1 ext rapola ted  80 x 120 IST da ta  
(see f i g .  32) 
2116.8 + 11.4 = 2128.20 l b / f t 2  
2 2132.90 - 2128.20 = 4.7 l b / f t  
2 128.20/ [ 53.3( 32.2) (520) ] 
0.002384 slugs/f t3 
[ 2( 4.7) IOo5/ ( 0.002384) = 62.78 f t/sec 
119,007 lb / sec  ( w t .  rate of flow a t  100 knots i n  test s e c t i o n )  
1 19 , 007/ [ 62.79( 0.002384) (32.2) ] = 24.690 f t  2 
V1/cos 400 
62.78/cos 400 = 81.95 ft/sec 
21 16.8/[53.3(32.2)(520)1 = 0.002372 s l u g s / f t 3  
0.5(0.002372)(81 .95)2 = 7.96 l b / f t 2  
33 
Apt/ql = [2132.9 - (2116.8 + 7.96)1/4.7 = 1.73 
2 
1 1 1  Lift = p V A (tan B1 - tan B2) 
= -194,663 lb; use -195,000 lb 
2 
tan 6, )APtAlql 
= 0.5( o .002384) (62. 7812( 24,690) ( tan2 400) + 1 .73( 4 7) (24,690) 
2 2 Drag = 0.5 p V A (tan B2 - 1 1 1  
. = 81,671 + 200,754 
= 282,425 lb; use 282,000 lb 
Since the calculations methods using cascade equations and momentum equations 
give different results, use higher loads from either method to give conservative 
estimate. 
LOCAL VANE LOADS AND PITCHING MOMENT USING TWO-DIMENSIONAL FLAT-PLATE DATA 
The input is a = 45", infinite aspect ratio, neglect blunt leading edge; 





HL = hinge line of vane 
f o  CI 
45 
= -c1(0.58 cos 450) - ~~(0.58 sin 400) (Cm)vane HL 
= -c1(O.4l0) - ~~(0.373) 
= -1.2(0.410) - 1.2(0.373) 
= -0.492 - 0.448 
= -0.94 
34 
(Pitching moment/ft of vane span) = (cm)qvs7c 2 
= -0.940(4.7)( 10.54) 
= -491 ft-lb/ft of vane span about vane HL 
Total vane span = E panel width x number of rows 
= 189.5(12) 
Global pitching moment = -491(2274) = -1,116,534 ft-lb 
Translate lift and drag coefficient from wind axis to vane axis: 
= =c sin 450 - c1 cos 450 CL d 
c- = -1.2 sin 450 - 1.2 cos 450 
= -cd cos 450 - c1 sin 450 
L 
CD 
CD = 0 
Total lift perpendicular to vane surface: 
Local lift/ft of vane span = -1.7(4.7)(10.54) 
= -84 lb/ft of vane span 
LOCAL VANE LOADS USING MOMENTUM PRINCIPLE 
Outflow velocity of vane = 104.5 ft/sec (see below, Vane Set 7: 80 x 120 Mode 
Screen Drag and Lift). 
-119’oo7 x 104 sin 450 Vane lift = Momentum principle 32.2 
Vane lift/vane span = -273 22;,+ Oo0 = -120 lb/ft 
Since flat plate two-dimensional lift and drag coefficients are equal at an angle of 
attack of 4 5 O ,  assume vane drag equals vane lift. 
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T r a n s l a t e  forces  t o  vane axis: 
L 
+ FLOW - 
-PITCHING MOMENT 
= -L COS 450 - D s i n  45O 
FX 
F = D cos 450 - L s i n  450 Y 
= -120 cos  450 - 120 s i n  450 
= -170 l b / f t  of vane span 
FX P' 
F = 120 COS 450 - 120 s i n  450 
Y 
= o  
For vane c e n t e r  of pressure l o c a t i o n ,  use  same l o c a t i o n  as two-dimensional f l a t  
p l a t e  (see above, Local Vane Loads and Pi tch ing  Moment Using Two-Dimensional Flat- 
Plate Data). 
Vane p i tch ing  moment about vane hinge po in t  = o.56 vane chord vane span X 
= -170 x 0.56 x 10.54 
= -1003 f t . l b / f t  o f  span 
To ta l  g loba l  p i tch ing  moment = -1003 x 2274 
= -2,280,000 f t - l b  (Use -2,300,000 f t - l b )  
Use above results s i n c e  t h e s e  r e s u l t s  are h igher  than those  obtained by consid 
e r i n g  t h e  vane as a f l a t  p l a t e .  
STRUCTURAL BLOCKAGE LOAD 
Input :  
S t r u c t u r a l  members are i n f i n i t e l y  long f la t  p l a t e s  with approach ve loc i ty  
equaled to t h e  exit  ve loc i ty .  Approach ang le  45". 
Dynamic pressure ahead o f  s t r u c t u r a l  member: 
= 13.02 l b / f t 2  qV 
c1 = 1.2,  Cd = 1.2 along wind axis a t  a = 45" ( ref .  16) 




(c,)~ = ( -cl cos a + 
(C1)y = (-1.2 cos 45 
(C ) 1 = 1.7 
( c ~ ) ~  = (-c1 sin a + 
l Y  
LIFT 
t 
cd sin a) 
RAG 
+ 1.2 sin 450 
c cos a) d 
I 
For 12-in.-wide column and 12-in.-wide channel: 
Structure drag x-axis = 1.7(13.02)1 = 22.1 lb/ft of structural span ft of structure span 
For g-in.-wide column: 

















mean velocity averaged over time 
angle of flow incidence measured from normal to screen 
angle of flow exit measured from normal to screen 
pressure-drop coefficient when angle of incidence is 0 and angle of exit is 
6 
tangential-force coefficient when angle of incidence is 8 and angle of exit 
is 4 
pressure-drop coefficient when e = 0 
limiting value of 41/13 as I3 approached zero 
1. Input: 
$I = 40° based on 1/50-scale 40 x 80 tunnel laser measurement (see fig. 33) 
2. Solution: 
= mesh screen-type less parameter Kmesh 
= 1.0 for new metal wire and 1.3 for average circular metal wire; 
use 1.3 for calculation to account for grit buildup Kmesh 
= function of Reynolds number (RN) Krn 
K = pressure loss coefficient 
RN = (PVDmesh)/p 
3 
2 where: p = mass density, slugs/ft u = absolute viscosity, lb-sec/ft 
p x 10” = 0.3170T (3/2)[734.7/(T + 216)] 
x 10” = 0.3170(520)1’5[(734.7/(520 + 216)] 
l~ = 3752 x lo-’’ 
38 
RN = 0*002372( 1 1  1.56)(0.1055/12) 
37.52 x 10-l' 
= 6,200 
Krn = 1 .O 
= (0.75 - 0.1055)~ = 0.4154 in. 2 
Af low 
A = (0,75)2 = 0.5625 in. 2 
K = {1.0(1.3)[1 - (0.4154/0.5625)]1 + [(0-5625/0.4154) - 1 1  2 
K = 0.47 (for 8 = 00) 
a = l.l/(l + K) (ref. 18) i i 2  
1 /2 = l.l/(l + 0.47) 
a = + /8  
8 = 40/0.907 = 44.10 for 0 = 400 
F8/8 = 2(1 - a) (ref. 18) 
= 2(44.1/57.3)(1 - 0.907) = 0.143 F0 
Vane Set 7: Screen Loss Coefficient--Alternative Method 
-O.33 (ref. 19) Apt/q = [constant ( 1  - 6)/6 I ( R p 8 )  2 
Apt = total pressure loss across screen 
q = onset flow dynamic pressure 
6 = screen porosity = (1 - d/a) for squre mesh 2 
Re = modified Reynolds number 6 
= (Ud)/Bv) 
u = [(2q)/P)11/2 
2 4  
P = density (0.002377 lb sec /ft ) 
2 
v = kinematic viscosity (1.5723 x ft /sec) 
constant = 5.5 (provides good comparison with l/lO-scale model component 
screen tests) 
w smooth wire) 
Effects of wire crimp: 
Crimped wire Smooth wire 
Ap /q = 2.04 - 1.60 = 0.44 with 46% porosity (l/lO-scale test data) t 
Effects of dirt on wire: 
Dirty Clean 
Apt/q = (0.20 0.17) = 0.03 with 84% porosity (l/lO-scale test data) 
Correction to 73.85% screen porosity: 
= 0.471 (for 8 = 0 0 )  (checks with method of ref. 17) 
Vane set 7: Bird-Screen Drag and Lift 
F8 = [2 cos 8 sin(0 - I$)]/COS 4 (ref. 18) 
= [(2 cos 44.10 sin(44.10 - 4OO)]/cos 400 
= 0.134 
= [ICe sin(8 - S)]/l + cos(8 - 6) where e - 6 = 25 (ref. 19) Fe 
6 = (44.10 - 400)/2 = 2.050 
Ke = Fe[l + code - 6)]/sin(e - 6 )  
= [0.134(1 + cos(44.10 - 2.050)]/sin(44.10 - 2.050) 
= [0.134( 1 + cos 42.050)]/sin 42.050 
= 0.349 
= K(cos e)'.' 
= 0.47 ~os(44.10)~ 
(empirical equation based on l/lO-scale tester data) Ke 
Ke 
Ke = 0.325 
Area calculation upstream of bird screen with blockage of vane thickness: 
Panel blockage area = total width of panels times panel 
thickness times the number of horizontal panel rows 
Pane? bl=ckage arcs = 189.5 ft(6 ft/12)(12) 
= 1137 ft2 
A2 = A1 COS 45" - 1137 
A2 = 24,690 COS 45" - 1137 
= 16,321 ft2 A2 
Onset velocity ahead of screen: 
V, = 119,007/(0.002384)(32.2)( 16,321) = 94.99 ft/sec (with no wake blockage) 
Vane Set 7: 80 x 120 Mode Screen Drag and Lift 
(Assume wake blockage equals 10%) 
Vv = 1.1(95) = 104.5 ft/sec (with wake blockage) 
qv = 1/2(0.002384)( 1 0 4 ~ ) ~  
= 13.02 lb/ft2 
Use Ke = 0.349, Fe = 0.143 values to provide conservative estimates. 
Screen drag = Ke(qv) 
= 0.349( 13.02) 
= 4.5 lb/ft2 
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Screen lift = Fe(qv) 
= 0.143(13.02) 
= 1.9 lb/ft 2 
GLOBAL LOAD CALCULATION FOR 40 x 80 
Vane Set Configuration 
All of vane segments ("Dtt panels of fig. 8) at the southwest corner of the vane 





10% air exchange for 40 x 80 mode with angle of onset flow 0" and angle of 
2. Test section conditions: 
2 Ps = (2116.8 + 9) - 273 = 1852.8 lb/ft 
Ts = 70" 




Test section velocity with no air change = 300 knots. 
Test section area with acoustic liner = 2754.59 ft2. 
Onset and Outflow Velocity Calculation 
Onset velocity for vane set 7, 40 x 80 mode: 
0.94(300)( 1.688) "ts = 
=476.02 f t/sec 
= 1852.8/530(53.3) 32.2) 
= 0.002037 slug/ft s Pts 
Wts = 2754.59( 0.002037) (32.2) (476.02 1 
= 86006 lb/sec 
Vane set 7 exit weight rate of flow = O.lO(86006) 
= 8600 lb/sec 
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Vane set 7 f r o n t a l  area = (vane set he ight )  x (vane segment width) 
= 128.7 x 17.85 
= 2297 f t 2  
Assume: P s l  = 2116.8 + 9 = 2125.80 l b / f t 2  
Tsl = 70°F 
= 2 125.8/(53.3) ( 32.2 (530) = 0.002337 s l u g / f  t3 p1 
v1  = 8600/(2297)(0.002337)(32.2) = 49.75 ft/sec 
Outflow ve loc i ty  with s t r u c t u r a l  and b i r d  screen edge effect: 
Horizontal  s t r u c t u r e  beam ( 9  in.[,lOPL, and 12 i n . [ , l  PL) = 17.85[ 0/12 + 1 3  
Bird screen effect = 0.262(2297 - 152)(0.45) 
Flow area perpendicular t o  e x i t - f l o w  de f l ec t ed  40" 
= 152 f t  8 
= (2297 - 152 - 2 5 3 1 ~ 0 ~  40' 1449 f t2  *exit 
# ,,2 Assume: Ps2 = 2 i i 6 . 8  I ~ I I L  
T s ~  = 70" 
p2 = 2116.8/(53.3)(32.2)(530) = 0.002327 s l u g / f t 3  
V2 = 8600/(1449)(0.002337)(32.2) = 79.21 ft/sec 
Global Load Using Impulse Momentum Equations 
-Fx + A1(P,  - P2) = W/g[V2 COS 400 - V1]  
-F = [8600/32.2(79.2/~0~ 400 - 49.750)] - 2297[2125.8 - 2116.8) 
X = 2919 - 20,673 
F = 17,754 
X 
F = W/g(V s i n  400) 
= 8600/$2.2(79.21 s i n  400) 
= 13,599 l b  
Air load on s t r u c t u r e  equal and opposite t o  the  d i r e c t i o n s  to  t h a t  shown above: 
Fy = -13,599 l b ;  use 13,600 l b  
Fx = 17,754 l b ;  use  17,800 l b  
Global Loads Using Cascade Equation (ref. 9) 
V1 = 49.75 ft/sec 
3 
p 1  = 0.002331 slug/ft 
aPt/ql = 1.73 from extrapolated data of 80 x 120 IST data (see preceding 
section, Global Loads Using Cascade Equation of Reference 9, 
for calculation) 
= -11,149 lb 
Drag = 1/2plV1Al(tan 2 2 B2 - tan 2 61) + APt/ql(ql)(A1) 
= 1 /2( 0.002337) (49.75 )2(2297) ( tan2 400) + 1.73(0.5) (0.002337) 
x (49. 7512( 2297) 
= 4677 + 1.73(2.89)(2297) 
= 4677 + 11,493 
= 16,170 lb 
Final Global Loads 
Lift = -13,600 lb using impulse-momentum equation 
Drag = 17,800 lb using impulse-momentum equation 
LOCAL LOADS FOR 40 x 80 MODE 
Vane Loads 
Vane outflow velocity = 82.87 ft/sec (see following subsec 
Vane lift = -8600/32.2(82.87 sin 45O) 
= -15,650 lb 
ion, Bird-Screen Loads) 
Vane lift/vane span = -15,650/214 = -73 lb/ft 
Since flat plate two-dimensional lift and drag are equal for a = 45", assume 
vane drag equals vane lift: 
Vane drag = 73 lb/ft 
Translate lift and drag to vane axis: 
FLOW 
-PITCHING MOMENT 
1 = -L cos 45" - D sin 45" 
= -73(COS 45" + sin 45O) 
= -103 lb/ft of span 
= D cos 45" - L sin 45" 
FX 
Fx 
FY = 73 COS 450 - 73 sin 45" FY y = 0 
For vane center of pressure location, use same location as two-dimensional 
plate (see earlier subsection, this appendix, Local Vane Loads and Pitching Moment 
Using Two-Dimensional Flat-Plate Data). 
Vane pitching moment above vane hinge point = F (6.56c](vane cordj Vane span X 
= -103(56)( 10.54) 
= -608 ft*lb/ft 
Total global pitching moment = -608(214) = -130,112 ftolb; use -130,000 ft-lb. 
Bird-Screen Loads 
Area perpendicular to flow at 45" with vane thickness of blockage: 
A = 2297 COS 45" - (17.85(6/12)(12) 
A = 1624 - 107 
A = 1517 ft2 
Onset velocity at screen 
Vv = 8600/0.002337(32.2)( 1517) 
Vv = 75.34 ft/sec without wake blockage 
Assume wake blockage = 10%: 
Vv = 1.1(75.34) = 82.87 ft/sec 
- 1/2(0.0023 7)(82.87)2 
= 8.02 lb/ft qv - 3 
(Use same loss coefficient as shown in earlier subsection, this appendix, Vane 
Set 7: Bird-Screen Drag and Lift.) 
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Screen d r a g / a r e a  = 0.349(8.02) = 2.80 l b / f t 2  
Screen l i f t /area = 0.143(8.02) = 1.15 l b / f t 2 ;  use 1.2 
S t r u c t u r a l  Loads Pe rpend icu la r  to  Structure Sur face  
Cd = 1.7 ( s e e  e a r l i e r  s u b s e c t i o n ,  t h i s  appendix ,  S t r u c t u r a l  Blockage Load) 
Local d r a g / f t  of s t r u c t u r a l  span  = 1.7(8.02)(12/12) = 13.63 l b / f t  for 12 i n . [  
Local d r a g / f t  of s t ructural  span  = 1.7(8.02)(9/12) = 10.23 l b / f t  for 9 i n . [  
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TABLE 2.- VANE SET 1 MAXIMUM HORIZONTAL AND VERTICAL VELOCITY PROFILE 
FINAL 3-0 Q/QAVE INTEGRATION = 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
























































0.782 1 38 
















































. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MAXIMUM VERTICAL VELOCITY PROFILE DATFI 
D I S T  FROM Q-VALUE 
FLOOR INCHES 
0.000 0.000 










0.944 2 . 0 0 0  
0.99 1 1.275 
1.000 0.000 
V/VAVG V/VAVG 































































0;  6066 18 
0.484346 
0.888888 0.000000 0.000000 
V/VMAX 
F I NfiL 
0.000000 
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TABLE 3.- VANE SET 2 MAXIMUM HORIZONTAL AND VERTICAL VELOCITY PROFILE 
FINAL 3-D Q/QAVE INTEGRATION = 1.049690 
*************+*********************t******** 
*******+***************************t******** 
MAXIMUM HORIZONTAL VELOCITY PROFILE DATA 











































2 . 1 0 0  
0.000 
I N .  
V/VAVG ( V/VFIVG )**2 
ITER 1 ITER 1 
0.000000 0.000000 
0.820689 0.673530 
0.9402 17 0.884009 
0.957959 0.9 17685 
0.896206 0.803185 
0.799909 0.639854 
0.85387 1 0.72 909 6 
1.050193 1.102906 
1.15842Y 1 .32 3487 
1.217278 1.481767 














1.196349 1.431 252 
1 .089540 1 .187097 
0.840956 0.707207 
0.000000 0.000000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
***+***************+*******************t** 
MAXIMUH VERTICAL VELOCITY PROFILE DATA 

























































































F I NAL 
0.000000 
0.879 567 
1 .00767 1 
1.026685 
0 .9  60502 
0.857296 





























0.947 1 76 
































( V/VflVG )**2 
















1 .  i 15974 
1.593696 
1 .64785 1 
1.643983 
1.363539 
0.81 232 1 
0.000000 
TABLE 4.- VANE SET 5 MAXIMUM HORIZONTAL AND VERTICAL VELOCITY PROFILE 
40 x 80 MODE 
FIN.AL 3-D Q/QAVE INTEGRATION 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MAXIMUM HORIZONTAL VELOCITY PROFILE DATA 





















































I N e  
V/VAVG ( V / V A V G ) * * Z  
ITER 1 ITER 1 
0.000000 0.000000 
0.880071 0.774525 
0 .9  30400 



















1 .45565 1 
1.362252 
1.127445 1.271 132 
1 .127445 1.271 132 
1 - 196074 1.430592 
1 317515 1.735846 
1.3261 32 1 .758626 
1.307100 1.708510 
1.307100 1.708510 
1 -260973 1 .590053 
1 .205559 1.453373 
1.107055 1.225571 
1.045680 1 .093447 
0.000000 0.000000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MAXIMUM VERTICAL VELOCITY PROFILE DATA 




























































1 .323583 1.25531 1 
1.338500 1 .269458 
1.249134 1.184701 
1.181874 1.12091 1 






















































V / V M A X  


























( V / V A V G ) * * 2  


























5 2  
TABLE 5.- VANE SET 6 MAXIMUM HORIZONTAL AND VERTICAL VELOCITY PROFILE 
FINRL 3-D Q/QflVE INTEGRRTION = 1.063957 
******************+****************t******** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MAXIMUM HORIZONTflL VELOCITY PROFILE DflTA 
DIST FROM Q-VALUE 







































ITER 1 ITER 1 
0.888888 0.000000 
1.205176 1.452450 
1 .257600 1.581557 
1.188170 1.210375 
































* * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MAXIMUfl VERTICAL VELOCITY PROFILE DRTA 




































































1 . 2  33348 
1.241 229 
1.361132 














F I NAL 
0.000000 
I .  249061 
I .  303393 



















































































1.9501 90  
0.000000 
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TABLE 6.- VANE SET 8 MAXIMUM HORIZONTAL AND VERTICAL VELOCITY PROFILE 
FINAL 3-0 Q/QAVE INTEGRATION = 1.035916 
******+**++*************+******************* 
*+*******+*it***+*+**+********************** 
MAXIMUM HORIZONTAL VELOCITY PROFILE DATA 
DIST  FROM Q-VALUE V / V A V G  (V/VAVG)*+2 
INNER WALL I N .  ITER 1 ITER I 
V/VAVG 
F I NAL 
V / V M A X  (V/VAVG )**2 
F I NAL FINAL 
0.000 0.000 0.000000 0.000000 
0.003 0.600 1 .073337 1.152052 
0.012 0.790 1.231612 1.516868 
0.053 0.700 I. I59336 1.344060 
0.108 0.700 1 .  I59336 I .344060 




















1 .  I631 I8 
1 .  I631 I8 
I .  195888 
1. 1  I7164 1.248056 1.120808 
1.155188 1.334460 I .  158956 
1.288827 1.440064 1.203941 
1 .20800l 1.459266 1.21 1941 
0.800 1.239383 I .  536069 1.243425 











0.657282 0.43201 9 
0.000000 0.000000 






* t+*++t**++* t * * * * ,+** * * * * * * * * * * * * * * * * *+***  
MAXIMUM VERTICAL VELOCITY PROFILE DATA *******+*******++**+********************** 
OIST FROM Q-VALUE V/VAVG V/VAVG V / V M A X  
FLOOR INCHES ITER 1 F I NAL F I NRL 
0.000 0.888 0.000000 0.000000 0.000000 
0.005 0.320 0.783854 0.78641 1 0.632456 
0.059 0.575 1.050738 1.054165 0.847791 
0.141 0.625 1.095470 1.099043 0.883884 
0.168 0.625 1.095470 1 -099043 0.883884 
0.303 0.775 1.2 19863 1.223842 0.984251 
0.359 0.800 1.239383 1 .243425 1.000000 
0.680 0.715 1.171692 1.175514 0.945383 
0.71 3 0.675 1 .I38445 I .  142159 0.9 18559 
0.797 0.710 1 .  I67588 I .  171396 0.942072 
0.965 0.575 1 .050738 1.054165 0.847791 
0.000000 0.000000 
0.866025 I .  159579 
0.993730 1 .526779 
0.9 354 14 I .  352842 
0.9 354 14 I .  352842 
0.961769 1 .430148 






0.9 354 14 I .  352842 





0.995 0.425 0.903347 0.906294 0.728869 
I .000 0.000 0.000000 0.000000 0.000000 
5 4  
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I 
I I  
I I  
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40- BY 80-FOOT 
VS# 1 TEST SECTION 
AIR EXCHANGE IN 
--- 
vs #3 
/ 80- BY 120-FOOT 6 DRIVE FANS 
(100 MW) SOLID WALL 
FROM FLOOR 
TO CEILING 
VANE SET W. ft HEIGHT, ft 
1 108.6 68.6 
108.6 68.6 2 
3 
4 
6 172.5 132.5 
8 172.5 132.5 
- SEE FIG. 3 
- - SEE FIG. 4 
- 
5 115.9 75.4 
80- BY 120-FOOT 
WIND TUNNEL 
EXHAUST JET 
Figure  1.-  Layout of the  40 x 80 and 80 x 120 c i r c u i t s  showing l o c a t i o n  of 
vane sets. 
4 1.83 (6.00) c 
DETAIL A DIMENSIONS IN meters (feet) 
Figure  2.- Details of  90" c i r c u l a r - a r c  t u r n i n g  vanes a t  vane s e t s  1 and 2. 
62  
NOTE: ALL DIMENSIONS IN feet 
(a) Plan view. 
Figure 3.-  Vane s e t 3  layout in 40 x 80 mode. 
6 3  
SI 
- 1.83 ft (TYP) - 
9.0 TIL+! ft 
i 
2 in. X 8 in. 
TRUSS 
I I  
VANE CROSS SECTION 
VANE PIVOT 
/LINE 
( b )  Vane geometry. 
Figure 3.- Concluded. 




(a) Plan view. 
Figure 4 . -  Vane set 4 layout and geometry. 
V E  
SPAh 
C I 
c 1.83 ft (TYP) 4 












(b) Vane geometry. 




3 X 3 X 5/16 WALL 
STRUCTURAL STL TUBING 
3 X 3 X 5/16 WALL 





NOTE: ALL DIMENSIONS IN FEET EXCEPT 
TUBING DIMENSIONS WHICH ARE 
IN INCHES 
/-e e/- *--- 
,/ 3.-/+4- 
VANE 4C ISOMETRIC 
(c) Vane 4C space truss. 

























































SOLID WALL FROM 
FLOOR TO CEILING 
\ A  
I CENTERLINE I 
172.5 
34' (TVP) 
HEIGHT = 132.5 
ALL DIMENSIONS IN FEET 




Figure  7.- Vane set 6 geometry. 
70 
0 
> 5s  k o> 









VANE SET 0.914 0.250 0.491 0.010 0.610 0.014 0.024 







Figure 9.- Details of 90" circular-arc turning vanes at vane set 8. 
7 2  
%OFW 
(a) Vane set 1 horizontal survey at centerline perpendicular to tunnel 












I I I I I 
0 .2 .4 .6 .8 1 .o 
K %OF YFS 0 s 
LL 
(b) Vertical survey, 0.27 W from inner wall. 
Figure 10.- Dynamic pressure surveys in front of vane set 1: l/SO-scale 
40 x 80 model, q50ts = 59.76 lb/ft2, m = 8.6%. 
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%OFW 












I I I 1 
LT %OF YFS 
0 s 
L 
(b) Vertical survey, 0.27 W from outer wall. 




















0 1 2 3 4 5  
ANGLE OF ONSET FLOW, €1, + 
Figure 12.- Variation of loss coefficient rl and angle of outflow with angle of 
onset for vane sets 1 and 2. "TUFTS" indicates observation of an average of, 
10 tufts on tuft wire. 
75 
VANE CI Cd Cm(O.25C) 
5 0.995 0.044 -0.249 ---- 6 1.036 0.040 -0.249 
e-- 7 1.045 0.006 -0.226 
---. ----------- -1 
(a) 
2 I I I I I I 1 I J 
0 .2 .4 .6 .8 1 .o 
XIC 
(a) c l  = O o .  
VANE CI Cd Cm(O.25C) - 5 0.742 0.036 -0.148 
(b) I 
2 I I 1 I I 1 I 1 I 
0 .2 .4 .6 .8 1 .o 
X JC 
(b) c l  = 5'. 
Figure 13.- Chordwise pressure distribution of vane sets 1 and 2: Lewis 
Research Center design vane, l/lO-scale tester data. 
7 6  
11111111111 
O-5 -4 -3 -2 -1 0 1 2 3 4 5 
€1' deg 
Figure 14.- Variation of c, about 1/4 c with angle of onset; 
l/lO-scale tester data. 




I I I 1 I 1 I 
0 10 20 30 40 50 60 70 
I YFB, it 
Figure 15.- Local load dis tr ibut ion on vane set owing to wake vortex. 
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PRIMARY / I 
2'83"f DIFFUSER VANE SET 1 










0 .4 .a 1.2 1.6 2.0 2.4 
Aqjep lblft' 
Dynamic pressure increment owing to jet wake. 
0 20 40 60 a0 
q, lb/ft2 
(b) Dynamic pressure without jet effect; 8,  = 48", B2 = -45". 
Figure 16.- Maximum vertical dynamic pressure profile at vane Set 1: 




0 FLAT PLATE 
~e = 3.14 x 105 
-.08 
-.12 1 I 1 1 
-2 0 2 4 6 8 10 
Figure 17.- Two-dimensional moment characteristic (ref. 8). 
240 r 
-240 1 1 I I I I I 1 
0 10 20 30 40 50 60 70 
I I 
(a) Effect of vortex position on spanwise lift load distribution. 
Figure 18.- Local load distribution on vane set 4 owing to vortex wake: 
model lift = 100,000 lb, qfsts = 33.6 lb/ft2. 
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-.04 I I 1 I 1 I 1 
0 10 20 30 40 50 60 70 





(b) Effect of vortex height on pitching moment about 1/11 c of vane 4C. 
= 0.022 - 0.017 = 0.005 
Cdvortex 0.017 FLAT PLATE cd (SEE REF 8)  
0 
I 1 1 I I 1 J -240 -.4 1 
0 10 20 30 40 50 60 70 
YFB, ft I I I I 
a c = CHORD OF VANE Q 
1 




( c )  Spanwise lift load distribution. 
Figure 18.- Concluded. 
80 
K1 ou 
TURBOFAN 4.99 0.0621 
JVX 13.43 0.0463 
- I 
--Id -- 
P I  
2 
P o  
-.3 
-.4 
40 50 80 70 80 90 
q j  , Wft2 
(a) Dynamic pressure. 
Tj , O F  
( b) Temperature. 
Figure 19.- Variation of estimated jet dynamic pressure and temperature with 
vane set 4 span: 
vane span = 69.3 ft. 
x = 205 ft from 80 x 120 test section centerline, 
81 















0 .2 .4 .6 .8 1 .o 




(b) Vertical survey, 0.22 W from inner wall. 
Figure 20.- Dynamic pressure surveys in front of vane set 5: 40 x 80 mode, 
2 1/50-scale 40 x 80 model, q50ts = 59.69 l b / f t  , m50 = 8.6%. 
8 2  
, 
0 AVERAGE OF SEVERAL VANES 
A MAXIMUM OF INDIVIDUAL VANE 
2 
1 




40 X 80 80 x 120 I .MODE J LMODEJ 
I I I I 
'I ' ' 
' 45 50 55 -10 -5 0 5 
1 1 ,  
El'deg 
Figure 21.- Variation of loss coefficient and angle of outflow with angle of onset: 






4 0.751 0.269 -0.030 
5 0.637 0.207 0.007 _-_ 6 0.616 0.203 0.006 
'Y 
](a) I I I 1 1 1 1 1 1 1 
0 .2 .4 .6 .8 1 .o 2 
XIC 










( b )  e l  = 50°, 80 x 120 mode. 
Figure 22.- Chordwise surface-pressure distribution of vane set 5: 
l/lO-scale tester data. 
~ vzvANE 4 0.830 cI 0.255 cd cm(0*25c) -0.0 1 
5 0.696 0.187 0.020 --- 6 0.683 0.191 0.009 
b) 
1 1 1 1 1 1 1 1 1 
0 .2 .4 .6 .8 1 .o 
XIC 




















VANE cl cd Cm(0.25C) 
4 0.939 0.226 -0.002 ---- 5 0.758 0.150 0.036 --- 6 0.793 0.176 0.022 
J 
.2 .4 .6 .8 1 .o 
XIC 
(c )  c l  = 5 5 O ,  80 x 120 mode. 
VANE CI Cd Cm(0.25C) 
4 0.878 0.248 0.031 ---- 5 0.851 0.114 0.043 --- 6 0.858 0.148 0.026 
c 
.2 .4 .6 
XIC 




Figure 22.- Continued. 
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2 I L I 1 1 1 I 1 I 
0 .2 .4 .6 .8 1 .o 
XIC 
(e) c l  = 4 5 O ,  wall effect, 80 x 120 mode. 
VANE CI Cd Cm(O.25C) c fJ 
0.063 0.003 -0.124 
0.145 0.048 -0.103 --- 6 -0.015 0.057 6.115 
0 
' t  
(f) I 1 I I I 1 I I I 
.2 .4 .6 .8 1 .o 
, XIC 
(f) € 1  = O o ,  40 x 80 mode. 
Figure  22.- Continued. 
8 6  
-3 VANE CI Cd Cm(O.25C) 
4 -0.107 -0.095 -0.117 
5 -0.120 -0.090 -0.114 --- 6 -0.069 -0.064 -0.118 
--_-- 
1 
(g) I 2 1 I I 1 1 1 1 I I 
0 .2 .4 .6 .8 1 .o 
XIC 
(g)  g l  = -5", 40 x 80 mode. 
Figure 22.- Concluded. 
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VANE NUMBER 







I A l  1 I 
lov 40 50 60 
Figure  23.- Var ia t ion  o f  cm with o n s e t  ang le :  vane set  5, Lewis 
Research Center fixed-vane des ign  3 ,  l/lO-scale tester data. 
VANES A 




c 40 -VANE /







2 -20 L-, 
-40 - -q ;:!i , p, 
-100 
-120 
0 10 20 30 40 50 60 70 
z 
Figure  24.- Local load d i s t r i b u t i o n  on vane set  5 owing t o  a vor t ex  wake: 
model l i f t  100,000 lb. 
I/ TEST SECTION 












K1 ou - TURBOFAN A 4.99 0.0523 
JVX 13.43 0.0393 
I I  
I 40 50 60 
Q, I b/ft2 
(a) Dynamic pressure. 
Figure 25.- Variation of estimated jet dynamic pressure and temperature with vane 












60 70 80 
Ti, O F  
( b )  Temperature. 
Figure 25.- Concluded. 
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(a) I 
(a) Horizontal direction. 
I , I 
Ocl 
-TURBOFAN A 0.0515 
JVX 0.0387 47 .3 r R -- 
(b) Vertical direction. 
Figure 26.- Estimated maximum dynamic pressure profiles of jet and propeller 





0 -  I 
0 .2 .4 .6 .8 1 .o 
% O F W  
(a) Horizontal survey at vane set centerline normal to tunnel circuit centerline. 
2 (b) 
I I I 1 I 
0 .2 .4 .6 .8 1 .o 
a %OF YFS 
0 
0, u. 
(b) Vertical survey, lateral station 0.414 of vane set one-half width from 
tunnel circuit centerline. 
I 1 I I I 
0 .2 .4 .6 .8 1 .o 
%OF YFS 
(c) Vertical survey lateral station 0.414 from centerline. 
Figure 27.- Dynamic pressure surveys in front of vane set 6: 1/50-scale 
40 x 80 model, q50ts = 59.76 lb/ft2, m50 = 8.6%. 
9 2  
-5 
-15 lo  
5 0 5 
€1, deg 
Figure 28.- Variation of loss coefficient and angle of outflow with angle of onset; 
vane set 6 with trailing-edge flap chord of 6 ft, l/lO-scale tester data. 
9 3  
VANE cl Cd Cm(0.25C) 1-1 5 0.596 0.159 -0.263 -5 r  C c  5 0.596 0.159 -0.263 
-4 
-3 





I 1 I 
0 .2 .4 .6 .8 1 .o 21 
XIC 
(a) tzl = O o ,  bf = 80'. 
VANE CI Cd Cm(0.25C) 
4 0.510 0.058 -0.190 -_---- 5 0.474 0.067 -0.186 
6 0.485 0.065 -0.184 
- -5 
-4 i( Ti -.- 
-3 1 
0.64C HINGE LINE -2 
UPPER SURFACE 
I I I I I I 1 I 
.2 .4 .6 .8 1 .o 0 
WC 
(b) € 1  = 5'9 &if = 80". 
Figure 29.- Chordwise pressure distribution of vane set 6 with trailing-edge 
flap of 6 ft; l/lO-scale tester data. 
9 4  
~ 
-5 VANE CI Cd Cm(O.2SC) 
4 
4 0.150-0.064 0.104 
5 0.150 -0.077 0.093 
6 0.121 -0.049 0.098 
- ---- --- 
-3 
-2 
CP ER SURFACE 
-1 
21 I 1 I I I 1 I I I I 
0 .2 .4 .6 .E 1 .o 
WC 
( c )  € 1  = O o ,  bf = O o .  
















ONSET ANGLE, dag 
C = 17.21 h 
(a) Effect of angle of onset; 6f = 80°.  
E 
ONSET ANGLE, deg 
-.30 - 
-.20 - 
- . lo  - 
/ ASSUMED SAME SLOPE 
/ AS 0" ONSET ANGLE 
/ 
(b) 
.20 I I I I 
0 20 40 60 80 
6f. 
(b) Effect of trailing-edge flap deflection. 
Figure 30.- Variation of vane set 6 c, about 1/11 vane chord; 
l/lO-scale tester data. 
9 6  
ONSET 
(a) Effect of angle of onset; gf = 80°. 
Figure 31.- Variation of trailing-edge flap normal force and hinge moment 
coefficients of vane set 6; l/lO-scale tester data. 
97 
C = 17.21 ft 
C"f + 




c = FLAP NORMAL FORCE 
c =FLAP HINGE MOMENT 
"f q X c X b  
mf 
q X c 2 X b  
1 
I 
0 40 80 120 
L 
1 1 1 .04 
6f, deg 
(b) Effect of flap deflection. 
Figure 31.- Concluded. 





















0 5  
0 6  
7 A 7  
- 
- 
80 X 120 qfstt. Ib/ft2 
Figure 32.- Variation of total and static pressures in front of vane set 7 with 
80 x 120 test section dynamic pressures; 80- by 120-Foot Wind Tunnel IST of 1982. 
I 20 
0 I I I I 1 I 1 I I I I i 1 I I I I 
5 -  
I I I I 1 I I 1 J 
0 5 10 15 20 25 30 35 40 45 
SURVEY DIST, in. 
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(b) Horizontal survey 20 in. above the ground and 8 in. beyond wall exit. 
Figure 33.- 1/50-scale 80 x 120 model laser survey of vane set 7 exit 
velocity and direction with exit ramp. 




0 .2 .4 .6 .8 1 .o 
%OFW 
- $6 - I 
(a) Horizontal survey at vane set centerline parallel to the vane set 
stagger 1 ine . 
(b) Vertical survey at vane set centerline. 
Figure 34.- Dynamic pressure surveys in front of vane set 8: 1/50-scale 




OPERATING VALUE USING 1" 
OVERTURNING FOR REYNOLDS 
NUMBER EFFECT p) 
MAXIMUM MEASURED FOR 
INDIVIDUAL VANES USE THIS CURVE 
-,TO CALCULATE VISCOUS DRAG 
.16 -4 
- -a 
.14 c --. 
Figure 35.- Variation of pressure loss coefficient and e2 with e l  for 
vane set 8; l/lO-scale tester data. 
1 0 1  
3 3 . 1 5  <$." 
$10 
.J56 VANE CI Cd Cm(0.25C) - 8 1.166 0.149 -0.385 ---- 9 1.128 0.105 -0.359 
-1 
1 
(a) I 1 1 1 I I I I 1 1 
0 .2 .4 .6 .E 1 .o 2 
XIC 





8 1.14 ---- 9 1.11 
-
I .  




2 I I I 1 1 I I I I 
0 .2 .4 .6 .8 1 .o 
XIC 
= O", data sequence 3. 
distribution of vane set 8: l/lO-scale tester data. 
(b) 
Figure 36.- Chordwise pressure 
1 0 2  
VANE CI Cd Cm(0.25c) 
8 0.873 0.053 -0.255 ---- 9 0.879 0.014 -0.240 
-1 
(d 
2 1 1 I 1 I I 1 1 J 
0 .2 .4 .6 .8 1 .o 
XIC 
( c )  € 1  = 5 O ,  data sequence 1. 
VANE Cl Cd Cm(0.25C) - 7 0.923 0.119 -0.323 - - - -  8 0.889 0.053 -0.254 
-..I- 9 0.084 0.013 -0.241 -1 c 
2 1 I 1 1 I I I I I 
0 .2 .4 .8 .8 1 .o 
XIC 
( d )  = 5 O ,  data sequence 3. 
Figure 36.- Concluded. 
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I I I I I 
-4 -2 0 2 4 6 
Figure 37.- Variation of vane set 8 pitching moment coefficient with angle 
of onset. 
104  
AERODYNAMIC DESIGN TIME AVERAGED LOADS 
VANE SETS 1 AND 2 PITCHING 
MOMENT 
Global load ( total  vane span = 3429.0 f t )  Case 2 
Onset angle  del3 1 .o -3.0 
Outflow angle  del3 -2.0 -4 .O 
L i f t  l b  91 1600. 771000. 
Drag l b  88400. 150000. 
4 cI?cclnn Pi tcn ing  moment r t^-i'o - ; 206666. - Ir33ruU. 
about vane 1/4 chord 
Momenthane about f t - l b  (+) 26000. 26000. 




2. L i f t  a c t i n g  along vane set. P o s i t i v e  d i r e c t i o n  
3. 
4. 
Loads ac t ing  a t  1/4 vane chord. 
toward ou t s ide  wall. 
Drag perpendicular t o  vane set. 
See f i g u r e s  for vane spanwise loads. 
(a) Maximum global  design loads. 
Figure 38.- Global design and opera t ing  loads of vane sets 1 and 2. 
105  
AERODYNAMIC OPERATING TIME AVERAGED LOADS 
VANE SETS 1 AND 2 
Global load, vane set  1 
Onset ang 1 e del3 1 .o 
Outflow ang le  deg 0.0 
L i f t  lb 765200. 
Drag l b  48600. 
Pitching moment f t - l b  -1048900. 
about vane 1/4 chord 
Global load ,  vane set  2 with 10% a i r  exchange 
Onset angle  deg 0.0 
Outflow ang le  deg 0.0 
L i f t  l b  864900. 
Drag l b  68900. 
Pitching moment f t - l b  -1265800. 
about vane 1/4 chord 
Note: 
1 .  
2. L i f t  a c t i n g  along vane set. Pos i t i ve  
3.  
Loads a c t i n g  a t  1/11 vane chord. 
d i r e c t i o n  toward o u t s i d e  wall. 
Drag perpendicular t o  vane set. 
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1 0 8  
0 DRAG 
0 LIFT 
A PITCHING MOMENT ABOUT C/4 
0 20 40 60 80 100 
DRAG, Ib/ft; LIFT (Ib/ft)/lO 
I . . . .  . .  . .  
1 
0 -200 400 -600 -800 -1OW 
PITCHING MOMENT, ft-lb/ft 
(a) Vortex center at vane midspan: = 3.0°, = O o .  
DRAG, Ib/ft; LIFT (Ib/ft)/lO 
I 1  1 I I 1 1 1 I 1 I 
0 
PITCHING MOMENT, ft-lblft 
-200 -400 -600 -800 .-1OOO) 
(b) Vortex center at vane midspan: = -3.00, = -4.00. 
Figure 39.- Variation of estimated maximum local design load with vane span 
for vane set 1; YH = -0.232. 
109 
YH 
DRAG. I blft 
1 1 1 1 I 1 ( I l  I l l  
0 -100 -200 -300 -400 -500 
PITCHING MOMENT, ft-lb/ft: -LIFT, lblft 
( c )  Turbofan A jet-wake c e n t e r  a t  vane midspan: e l  = -3.0°, = O o .  
0 -150 -300 -450 -600 -750 
PITCHING MOMENT, ft-lblft 
(d )  Turbofan A jet-wake c e n t e r  a t  vane midspan: c l  = -3.0°, €2 - 4 . O O .  
F i g u r e  39.- Continued. 
110 
DRAG, lblft 
0 -100 -200- -300 400 -so0 
PITCHING MOMENT, ft-lblft; -LIFT, Ib/ft 
DRAG, Ib/ft; LIFT (Ib/ft)/lO 
I 1  1 I I  I I I I I  1 
0 -150 -300 -450 -600 -750 
PITCHING MOMENT, ft-lb/ft 
(f) JVX propeller wake center at vane midspan: E ,  = -3.0°, = -4.00. 
Figure 39.- Continued. 
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8 8 8 0 8 8  888888rn 
I I I I I I T  
8 8 8 8 8 8 8 8 8 8 8 8 8 8  
1 1 1 1 1 1 1  
WAKE EFFECT 
-VORTEX 
LIFT, Iblft DRAG, Iblft 
( a )  = 3.0°, = 0 ' .  (b) € 1  = -3.0°, €2 = -4.0'. 
Figure 40.- Comparison of maximum l i f t  and drag with vortex and j e t  exhaust wake 
effects a t  vane se t  1.  
1 1 4  
VANE SET 3 PLANE c 
YH 








h PITCHING MOMENT ABOUT C/4 
DRAG, Ib/ft; LIFT (Ib/ft)/lO 
1 1 1 1 1 1 1 1 1 1 1 1 1  
0 -40 -80 -120 -160 -200 -240 
PITCHING MOMENT, ft-lb/ft 
(a) 40 x 80 mode design load: e l  = 3.0, e2 = O o .  













0 20 40 60 80 100 120 140 
DRAG, Iblft; LIFT, Iblft 
1 1 1 1 1 1 1 1 1 1 1 1 1  
0 120 240 360 480 600 720 
PITCHING MOMENT, ft-lblft 
€2 (b) 40 x 80 mode design load: = -3.0°, 
0 20 40 60 80 100 120 
DRAG, Iblft; LIFT, Iblft 
1 1  I I 1 1 1 1 1 1  1 
0 40 80 120 160 200 
PITCHING MOMENT. ft-lblft 
= 00. 
( c )  40 x 80 mode operating load: = O o ,  = 0'. 
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ORIGINAL PAGE 1s 
OF POOR QUALITY 
DTRUSS(LB/FT)=DDTRUSS~QFS/HFS LTRU~S(LB/FT)=LLTRUSS*OFS/HFS MTRUSSnMr(TRUSS*QFS/HFS 
DOTRUSS= 39.3400 LLTRUSSS 0.0000 WTRUSS= 221'. 0900 
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1 56. a001 
i 52.2668 
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78. cma 1 











































































E 2  = o o .  (f) 40 x 80 mode local operating load tabulated data, c l  = O o ,  
Figure 41.- Continued. 
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NOTE: LOAD AND MOMENT DIRECTION 
SHOWN POSITIVE 
62 21 -1 19 
WALL PRESSURE 
DIFFERENTIAL, 
ft-lblft VANE, ft 
5.62 I 
( g )  80 x 120 mode load. 



























(a) Lift without vortex-, jet-, or propeller-wake effects. 
Figure 42.- Spanwise vane loads of vane set 4 ;  80 x 120 mode. 
121 
DRAG, I blft 













-450; -3300 -2100 -900 300 1500 
PITCHING MOMENT, ft-lblft 
(c) Pitching about 1/4 c without vortex-, jet-, or propeller-wake effects moment 
Figure 42.- Continued. 
122 
LIFT, Ib/ft 














50 80 110 140 170 200 
DRAG. Iblft 
(e) Drag with vortex wake center at vane-set centerline. 













4 5 0 6  -3300 -2100 -900 300 1000 
PITCHING MOMENT, ft-lb/ft 












100 300 500 700 900 1100 1300 1500 
centerline. 
LIFT, Ib/ft 
(g )  Lift with jet-wake center of turbofan engine A at vane midspan. 
Figure 42.- Continued. 
124 
(h)  Drag with jet-wake center of turbofan engine A at vane nidspan. 
-108 -90 -72 -54 -36 -18 0 18 
PITCHING MOMENT, (ft-lb/ft)IlW 
( i )  Pi tching moment about 1/11 c with jet-wake center  of turbofan engine A 
at vane midspan. 
Figure 42. - Cont inued . 
125 
LIFT, Ib/ft 
(j) Lift with propeller-wake center at vane midspan. 
DRAG, Iblft 
Drag with propeller-wake center at vane midspan. 













-117 -99 -81 -63 -45 -27 -9 0 9 27 
PITCHING MOMENT, (ft-lb/ft)/100 
(1 )  Pi tching moment about 1/11 c with propeller-wake center  at vane midspan. 
Figure 42.- Continued. 
LOADS DUE TO TRUSSES 
DTRUSS(LB/FT)= 23.7890 LTRUSS(LB/FT)= 

















































































1 27.01 89 
1 27 .0189 
127.01 89 





























1 27.01 89 




1 27.01 89 
1 27.01 89 
1 27.01 89 




1 27.01 89 
1 27.01 89 




1 27.01 89 
1 27.01 89 
1 27.01 a9 
LT 
1 27.01 89 




1 27.01 89 
1 27.01 89 
1 27.01 89 
127.01 89 
127.01 89 
1 27.01 89 
127.0189 
127.0189 
1 27.01 89 
1 27.01 89 



























-1 33.6935 . 
(m) Tabulated data without vortex-, j e t - ,  or  propeller-wake effects: 
El = 00, €2 = 00. 
Figure 42.-  Continued. 
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DTRUSS( LB/FT)= 17.7240 LTRUSS(LB/FT)= 
















































































































1 33. a350 
133. a350 
133, a350 
i 33. a350 
133. a350 
133. a350 
i 33. a350 
1 33. a350 
1 33. a350 
133. a350 
1 33. a350 
1 33. a350 
1 33. a350 
133. a350 
1 33. a350 
1 33. a350 
1 33.8350 
133. 8 x 0  
I 33.  a350 
I 33. a350 
I 33. a350 
D I  
354. a39 1 
354. a39 i 
354. a391 
354. a39 1 
354. a39 I 
354. a39 1 
354. a39 1 
354. a39 I 
354. a39 1 
354. a39 1 
354. a39 1 
354.a39i 
354. a39 1 
354. a39 1 
354. a39 1 
354. a39 1 
354. a39 1 
354. a39 1 
354. a39 1 
354.a391 



























































































(p) Tabulated data without vortex-, jet-, or propeller-wake effects: 
Figure 42.- Continued. 
























D T R U S S ( L B / F T ) =  2 3 . 7 8 9 0  LTRUSS( L B / F T ) =  
QFS = D l  = DVOR = L I  = &?A = 0 . 0  
I YFS YH 
1 - 3 4 . 6 7 0 0  - 0 . 5 0 0 0  
2 - 3 1 . 2 0 3 0  - 0 . 4 5 0 0  
3 - 2 7 . 7 3 6 0  - 0 . 4 0 0 0  
4 - 2 4 . 2 6 9 0  - 0 . 3 5 0 0  
5 - 2 0 . 8 0 2 0  - 0 . 3 0 0 0  
6 - 1 7 . 3 3 5 0  
7 - 1 3 . 8 6 8 0  
6 - 1 0 . 4 0 1 0  
9 - 6 . 9 3 4 0  
1 0  - 3 . 4 6 7 0  
1 1  0 . 0 0 0 0  
1 2  3 . 4 6 7 0  
I J  6 . 9 3 4 0  
1 4  1 0 . 4 0 1 0  
1 5  1 3 . 8 6 8 0  
1 6  1 7 . 3 3 5 0  
1 7  2 0 . 8 0 2 0  
1 8  2 4 . 2 6 9 0  
1 9  2 7 . 7 3 6 0  
?!? 3 ! . ? ! ? 3 0  
2 1  3 4 . 6 7 0 0  
. a  
i YHS 
1 - 3 4 . 6 7 0 0  
2 - 3 1 . 2 0 3 0  
3 - 2 7 . 7 3 6 0  
4 - 2 4 . 2 6 9 0  
5 - 2 0 . 8 0 2 0  
6 - 1 7 . 3 3 5 0  
7 - 1 3 . 8 6 8 0  
6 - 1 0 . 4 0 1 0  
9 - 6 . 9 3 4 0  
1 0  - 3 . 4 6 7 0  
1 1  0 . 0 0 0 0  
1 2  3 . 4 6 7 0  
1 3  6 . 9 3 4 0  
14 1 0 . 4 0 1 0  
1 5  1 3 . 8 6 8 0  
1 6  1 7 . 3 3 5 0  
1 7  2 0 . 8 0 2 0  
1 8  2 4 . 2 6 9 0  
1 9  2 7 . 7 3 6 0  
2 0  3 1 . 2 0 3 0  
2 1  3 4 . 6 7 0 0  
- 0 . 2 5 0 0  
- 0 . 2 0 0 0  
- 0 . 1 5 0 0  
- 0 . 1 0 0 0  
- 0 . 0 5 0 0  
0 . 0 0 0 0  
0 , 0 5 0 0  
0 . 1 5 0 0  
0 . 2 0 0 0  
0 . 2 5 0 0  
0 . 3 0 0 0  
0 . 3 5 0 0  
0 . 4 0 0 0  
!?. 4 5 0 0  
0 . 5 0 0 0  
A . - A n  u .  I uuu 
YH 
- 0 . 5 0 0 0  
- 0 . 4 5 0 0  
- 0 . 4 0 0 0  
- 0 . 3 5 0 0  
- 0 . 3 0 0 0  
- 0 . 2 5 0 0  
- 0 . 2 0 0 0  
- 0 , 1 5 0 0  
- 0 . 1 0 0 0  
- 0 . 0 5 0 0  
0 . 0 0 0 0  
0 . 0 5 0 0  
0 . 1 0 0 0  
0 . 1 5 0 0  
0 . 2 0 0 0  
0 . 2 5 0 0  
0 . 3 0 0 0  
0 . 3 5 0 0  
0 . 4 0 0 0  
0 . 4 5 0 0  
0 . 5 0 0 0  
DV 
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1 9  
1 7 9 . 6 3 1  9 
1 7 9 . 6 3 1 9  
! ? e .  83!  3 
1 7 9 . 6 3 1 9  
4 . a  m a . , .  
I I a .  O J  I I 
MVOR 
7 . 5 9 0 0  
1 0 . 1 8 8 6  
1 3 . 0 5 2 2  
1 6 . 2 2 2 3  
2 0 . 0 9 5 5  
2 3 . 8 2 0 0  
2 7 . 3 9 2 7  
3 0 . 7 2 3 7  
3 2 . 7 3 0 8  
3 3 . 8 0 6 0  
2 4 . 2 0 0 0  
1 4 . 9 0 8 0  
6 . 8 3 1 7  
4 . 8 8 8 0  
9 . 9 0 0 0  
1 0 . 3 4 1  5 
9 . 9 5 4 2  
9 . 3 0 6 7  
8 . 7 1 4 8  
8 . 2 5 0 0  
8 . 3 7 3 9  
DDT 
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1  89  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  
! ?? .  0189 
1 2 7 . 0 1 8 9  
.a- - . - A  
I L I  . U I O Y  
MT 
- 1 2 6 . 1 0 3 5  
- 1 2 3 . 5 0 4 9  
- 1  2 0 . 6 4 1  2 
- 1 1 7 . 4 7 1 2  
- 1 1 3 . 5 9 8 0  
- 1 0 9 . 8 7 3 5  
- 1 0 6 . 3 0 0 8  
- 1 0 2 . 9 6 9 8  
- 1 0 0 . 9 6 2 8  
- 9 9 . 8 8 7 5  
- 1 0 9 . 4 9 3 5  
- 1  1 8 . 7 8 5 5  
- 1 2 6 . 8 6 1 8  
- 1 2 8 . 8 0 5 4  
- 1 2 5 . 3 1 9 5  
- 1  2 3 . 7 9 3 4  
- 1  2 3 . 3 5 1  9 
- 1 2 3 . 7 3 9 2  
- 1  2 4 . 3 6 4 7  
- 1 2 4 . 9 7 8 7  
- 1  2 5 . 4 4 3 5  
0 . 0 0 0 0  M T R U S S ( F T - L B / F T ) =  - 1 3 3 . 6 9 3 5  
DT L L T  LVOR L T  
1 5 0 . 8 0 7 9  1 2 7 . 0 1 8 9  1 2 0 . 0 0 0 0  2 4 7 . 0 1  8 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 6 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
1 5 0 . 8 0 7 9  
! 5 0 . 8 0 1 9  
1 5 0 . 8 0 7 9  
.-I ,.-a. 
I J U . 0 U I Y  
1 2 7 . 0 1 8 9  1 2 8 . 3 9 1 6  2 5 5 . 4 1 0 5  
1 2 7 . 0 1 8 9  1 3 6 . 7 8 3 2  2 6 3 . 8 0 2 2  
1 2 7 . 0 1 8 9  1 4 5 . 1 8 3 1  2 7 2 . 2 0 2 0  
1 2 7 . 0 1 8 9  1 5 3 . 6 3 3 8  2 8 0 . 6 5 2 7  
1 2 7 . 0 1 8 9  1 6 2 . 0 0 0 0  2 8 9 . 0 1 9 0  
1 2 7 . 0 1 8 9  1 7 1 . 2 0 0 0  2 9 8 . 2 1 8 9  
1 2 7 . 0 1 8 9  1 8 1 . 8 3 8 9  3 0 8 . 6 5 7 6  
1 2 7 . 0 1 6 9  1 9 3 . 7 5 0 0  3 2 0 . 7 6 9 0  
1 2 7 . 0 1 8 9  2 0 5 . 5 0 0 0  3 3 2 . 5 1 9 0  
1 2 7 . 0 1  8 9  0 . 0 0 0 0  1 2 7 . 0 1 8 9  
1 2 7 . 0 1 8 9  - 2 0 5 . 5 0 0 0  - 7 8 . 4 8 1 1  
I L I . U I O U  - I I J . I J U U  - 8 8 . i Z i i  
1 2 7 . 0 1 8 9  - 1 8 1 . 6 3 8 9  - 5 4 . 6 2 0 0  
1 2 7 . 0 1 8 9  - 1 7 1 . 2 0 0 0  - 4 4 . 1 8 1 1  
1 2 7 . 0 1 8 9  - 1 6 2 . 0 0 0 0  - 3 4 . 9 8 1 1  
1 2 7 . 0 1 8 9  - 1 5 3 . 6 3 3 8  - 2 6 . 6 1 4 9  
1 2 7 . 0 1 8 9  - 1 4 5 . 1 8 3 1  - 1 8 . 1 6 4 2  
1 2 7 . 0 1 6 9  - 1 3 6 . 7 8 3 2  - 9 . 7 6 4 3  
! ? ?  * 0!89 -! 2 8 . 2 9 1 8  - ?  .37?? 
1 2 7 . 0 1 8 9  - 1 2 0 . 0 0 0 0  7 . 0 1 8 9  
.a- *.a* . - A  . . * - A  
(9) Tabulated data with vortex-wake effect: e l  = O o ,  = O o .  
Figure 42.- Continued. 
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(a) I I I I I 1 



























120 160 200 240 280 320 
DRAG, lblft 
( a )  L i f t  and drag. 
1 1 I I 1 
PITCHING MOMENT, ft-lblft 
-160 -200 -240 -280 
(b) Pitching moment. 
Figure 43.-  Effect of vortex ,  j e t ,  and propel ler  wakes on spanwise vane loads  
vane set 4: tzl = O " ,  c2 = Oo, wake center at  vane midspan. 
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I I I I 
Figure 44.- Vane set 4 local loads and vane 4C space truss loads for 
40 x 80 mode. 
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Global load (total vane 
AERODYNAMIC DESIGN TIME AVERAGED LOADS 
VANE SETS 5, NO JET OR VORTEX EFFECT 
, 






about 1/4 vane 
Note: 
1. Loads act 
chord 
ng at 
span = 2714.0 ft) 
3.0 55.0 45.0 
61000. 698900. 550900. 
75700. 130500. 140 100. 
-2.7 -2.5 -1.5 
-4 14200. 188100. - 169400. 
/4 vane chord. 
Lift acting along vane set. 
Drag perpendicular to vane set. 
2. 
3. 
Positive direction toward outside wall. 
LIFT LIFT 
P I T C H I N ~ ~ ~ A D ~  MOMENT ~ 
OUTFLOW ONSET 
ANGLE ANGLE 
VANE SET 5 
80 X 120 CIRCUIT 
CENTERLINE 
80 X 120 MODE 40 X 80 MODE 
(a) Maximum global design loads without vortex-, jet-, or propeller-wake effects. 
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8 0  B Y  1 2 0  MODE 
GLOBAL LOAD (TOTAL VANE SPAN - 2 7 1 4 . 0  F T )  
ONSET ANGLE 
OUTFLOW ANGLE 
L I F T  
DEG 
DEG 
L B  
DRAG L B  
P I T C H I N G  MOMENT F T - L B  
NOTE : 
5 5 . 0  
- 2 . 5  
7 6 8 9 0 0 .  
1 4 3 6 0 0 ,  
192700 .  - 
4 5 . 0  
- 1 . 5  
6 0 6 0 0 0 .  
154 1 0 0 .  
, 1 7  3 6 0 0 .  
1 .  LOADS A C T I N G  A T  1 / 4  VANE CHORD. 
2 .  L I F T  A C T I N G  ALONG VANE S E T .  P O S I T I V E  D I R E C T I O N  TOWARD O U T S I D E  WALL .  
3 .  DRAG PERPENDICULAR TO VANE SET.  
4 .  8 0  B Y  1 2 1  MODE C O N T A I N S  A D D I T I O N A L  LOADS DUE TO J E T  EXHAUST. 
(d) 80 x 120 mode maximum global design load with jet-wake effect. 
8 0  B Y  1 2 0  MODE 
GLOBAL LOAD (TOTAL VANE SPAN = 2 7 1 4 . 0  F T )  
ONSET ANGLE DEG 55  .0 4 5 . 0  
OUTFLOW ANGLE DEG - 2 . 5  - 1 . 5  
L I F T  L B  7 7 4 3 0 0 .  6 1 0 3 0 0 .  
DRAG L B  144600 .  155200 .  
- 1 7 3 6 0 0 .  P I T C H  I NG MOMENT F T - L B  192700 .  
NOTE : . -  
1 .  LOADS A C T I N G  A T  114 VANE CHORD. 
2 .  L I F T  A C T I N G  ALONG VANE SET.  P O S I T I V E  D I R E C T I O N  TOWARD O U T S I D E  WALL.  
3 .  DRAG PERPENDICULAR TO VANE SET.  
4 .  8 0  BY 1 2 0  MODE C O N T A I N S  A D D I T I O N A L  LOADS DUE TO PROPELLER WAKE. 
(e) 80 x 120 maximum global design load with propeller-wake effect. 
Figure 45.- Continued. 
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A PITCHING MOMENT ABOUT C/4 
0 
DRAG, Ib/ft; LIFT (Ib/ft)/lO 
I I 1 I 1 1 I I  1 I (  
0 20 40 60 ao 100 
PITCHING MOMENT, ft-lb/ft 













DRAG, Ib/ft; LIFT (Ib/ft)/lO 
t I I I 1 1 11 1 11 
0 20 40 60 80 100 
PITCHING MOMENT, ft-lb/ft 
(b) Vortex wake center at vane midspan: E ,  = 55', c 2  = -2.45". 













DRAG, Ib/ft; LIFT (Ib/ft)/lO 
I 1 I l l  1 1 1 1 11 
PITCHING MOMENT, ft-lb/ft 
0 20 40 60 80 100 
-- -- ( c )  Jet-wake effect at vane midspan: E,  = 33.u-, E~ = -2.45". 
YH 
(d) Propeller-wake effect at vane midspan: = 55.0°, c2 = -2.45". 













DRAG, Ib/ft; LIFT (Ib/ft)/lO 
I I 1 1 1 1 1 1 1 1 1  
0 -20 -40 -60 -80 -100 
PITCHING MOMENT, ft-lb/ft 













DRAG, Ib/ft; LIFT (Ib/ft)/lO 
I I 1 1 1 1 1 1 1 11 
0 -20 -40 -60 -80 -100 
PITCHING MOMENT, ft-lb/ft 
(f) Vortex-wake center at vane midspan: = 45.00, E 2  = -1.5". 
Figure 46.- Continued. 
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8 8 8 8 8 8 8 8 8 8 - 8 8 8 8 8 8 8 8 8 8  Q, d 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
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DDT = DJTRUSS = L tT  = LJTRUSS = MJTRUSS = 0 .0  
(i) Jet-wake effect a t  vane midspan: E ,  = 55.0°, 
I YFS 
1 -37 7006 
2 -35 9658 
3 -30 0092 
4 -23 9772 
5 -18 0206 
6 -11 9886 
7 -6.0320 
8 0 0000 
9 6 0320 
10 1 1  9886 
11 18 0206 
12 23 9772 



































































































































































Figure  46.- Continued. 
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(j) Propeller-wake effect at vane midspan: c l  = 55.0°, c2 = 2.45". 






















L n  
=r 
I . . . . . . . . . . . . . . . . . . . . .  
E ,  
8 8 8 8 8 8 8 8 8 8 - 8 8 8 8 8 8 8 8 8 8  
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
4 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  



















a, - I 
X & 
0 * 










. . . . . . . . . . . . . . . . . . . . .  
8 ~ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  












c l ,  Lift, 
deg lb/ft span 
355 II c -r J' 
Drag , Pitching moment, q,  Vane chord, 
lb/ft span ft-lb/ft span lb/ft2 ft 







Lift, drag, and pitching moment based on 
- fimre --- 22(e), respectively. 
Loads acting at 1/11 c and pitching moment about 1/4 c. 
Lift acting along vane set stagger line with positive direction toward east 
wall. 
Drag perpendicular to vane set. 
Uniform lift, drag, and pitching moment from floor to ceiling. 
c1, Cd, c, shown on 
(m) 80 x 120 mode corner vane loads with no vortex-, jet-, or 
propeller-wakes. 




APlTCHlNG MOMENT ABOUT C/4 
YH 
DRAG, Ib/ft; LIFT, Ib/ft 
I I 1 I I I 1 I I 
0 -100 -200 -300 -400 

















0 -80 -160 -240 -320 -400 
PITCHING MOMENT, ft-lb/ft 
0 -20 -40 -60 -80 -100 
LIFT, Ib/ft 
(b) € 1  = -3.0°, €2 0.5". 













40 by 80 mode 
Global load (total vane span = 7552.0 ft) Case 1 Case 2 
Onset angle deg 
Outflow angle deg 
Lift lb 
Drag lb 
Pitching moment ft-lb 






Fixed vane local load based on above condition (see figure 49) 
Lift/vane span lb/ft 
Drag/vane span lb/ft 
Pitching moment ft-lb/ft 
lift/vane span 
Trailing edge flap (flap chord = lift) 
Flap deflection deg 
Normal force/span lb/ft 


















1. Loads acting at 1/4 vane chord. 
2. Lift acting along vane set. 
3. Drag perpendicular to vane set. 
4. See figures for vane spanwise loads. 







40 X 80 MODE 
MOMENT T FLOW 
80 X 120 MODE 40 X 80 MODE 
(a>  Maximum global design load. 
Figure 48.- Global design and operating loads for vane set 6. 
40 by 80 mode 80 by 120 mode 
. 
Case 1 Global load ( to ta l  vane span = 7552.0 f t )  Case 1 
Onset angle  der3 
Outflow angle  deg 
L i f t  l b  
Drag l b  
P i tch ing  moment f t - l b  






Fixed vane l o c a l  load based on above condi t ion 
LifWvane span l b / f t  
nrag/sane span ^ - I  1 h / f t  
Pi tch ing  moment/ p t - l b / f t  
vane span 
T r a i l i n g  edge f l a p  ( f l a p  chord = 6 f t )  
F lap  de f l ec t ion  
Normal force/span l b / f t  
Hinge rnoment/span f t - l b / f  t 
1 1 .  
31. 
-2 
J .  




1.  Loads ac t ing  a t  1/4 vane chord. 
2. L i f t  a c t ing  along vane set. 
3. Drag perpendicular to vane set. 














( b )  Global operat ing loads. 
Figure 48.- Continued. 
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(REF.) W R  
0 DRAG 
0 LIFT 
A PITCHING MOMENT ABOUT C/4 
I I I I 1  I I 1  I I 1  
0 -200 -400 -600 -800 -lo00 
PITCHING MOMENT, ft-lb/ft 
Figure 49.- Variation of local design load with vane span for vane set 6; 
40 x 80 mode. . 
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YH 
DRAG, Iblft; LIFT, Iblft 
I 1  I 1 I I I I 
0 -200 -400 -600 -800 -1000 
I 1 1  
PITCHING MOMENT, ft-lblft 
(b) € 1  = 3.4", €2 = -3.0°, Z/W = 0.414. 
YH 
DRAG, Iblft: LIFT, Iblft 
1 I 1 I I 1 I I 1 1 1 
0 -200 -400 -600 -800 -lo00 
PITCHING MOMENT, ft-lblft 
Figure 49. - Continued. 
I I I I 1  I 1 I 1 I J  
0 -200 -400 -600 -800 -lo00 
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AERODYNAMIC DESIGN AND OPERATING TIME AVERAGED LOADS 
VANE SET 7 
-PITCHING MOMENT 
80 by 120 mode 40 by 80 mode &RAG 
Global  Load 
Onset a n g l e ,  deg 0 0 
Outflow a n g l e ,  deg 40 40 
Drag, l b  282,000 17,800 
L i f t ,  l b  -265,000 - 13,600 
P i t c h i n g  moment about -2,300,000 - 130,000 
vane h inge  l i n e ,  f t / l b  
e n t i a l ,  l b / f t 2  







Local load  80 by 120 mode 40 by 80 mode 
Onset a n g l e ,  deg 
Outflow a n g l e ,  deg (vane)  
( b i r d  s c r e e n )  
Vane l i f t  perpendicular  t o  vane 
s u r f a c e ,  l b / f t  of vane span 
Vane d r a g  p a r a l l e l  to vane s u r f a c e ,  
l b / f t  of vane span 
Vane p i t c h i n g  moment about  vane 
h i n g e  l i n e ,  f t / l b  of vane span  
Force  perpendicular  t o  s t r u c t u r e  
s u r f a c e  exposed t o  ex i t  flow, 
l b / f t  o f  s t r u c t u r e  span 
9 i n .  dep th  h o r i z o n t a l l y  
12 i n .  dep th  h o r i z o n t a l l y  
Vertical column 
Bird s c r e e n  
L i f t ,  l b / f t 2  of frontal  area 




-170 ( t o t a l  span )  
2274 f t  
0 
- 1003 
17 ( to t a l  span)  
22 ( t o t a l  span)  
22 ( t o t a l  span)  
1892 f t  
189 f t  
1030 f t  
1.9 ( total  area) 





-103 ( to t a l  span)  
214 f t  
0 
-626 
10 ( t o t a l  span)  
179 f t  
14 ( total  span)  
18 f t  
0 
1.2 total  area) 
2 .8  
2145 f t  a 
Note: Loads a c t i n g  at 0.44 o f  vane chord from l e a d i n g  edge excep t  f i x e d  s t r u c t u r a l  
and b i r d  screen  loads. 
Figure 50.- Global des ign  and local l o a d s  for vane set 7. 
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AERODYNAMIC DESIGN TIME AVERAGED LOADS 
VANE SET 8 
Global load (total vane span - 21067.0 ft) 
- Onset angle deg 
Outflow angle del3 
Lift lb 
Drag lb - Pitching moment ft-lb 
about vane 1/11 chord 
3.0 -3.0 
-4.8 -6.8 










Loads acting at 1/4 vane chord. 
Lift acting along vane set. 
Drag perpendicular to vane set. 
See figures for vane spanwise loads. 
Positive direction toward outside wall. 
(a) Maximum global design load. 
Figure 51.- Global design and operating loads for vane set 8 :  40 x 80 mode. 
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AERODYNAMIC OPERATING TIME AVERAGED LOADS 
VANE SETS 8, CONTINUED 
Global load (total vane span = 2 1067 .O ft) 
Onset angle deg 
Outflow angle deg 
Lift lb 
Drag lb 
Pitching moment ft-lb 







1. Loads acting at 1/4 vane chord. 
2. Lift acting along vane set. Positive direction 
3 .  
4. 
toward outside wall. 
Drag perpendicular to vane set. 
See figures for vane spanwise loads. 
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A PITCHING MOMENT ABOUT C/4 
YH 
DRAG. lblft 
I I 1 I I I I I I I I 
0 -4 -8 -12 -16 -20 
PITCHING MOMENT, ft-lb/ft; LIFT, Ib/ft 
DRAG, Ib/ft 
I I I 1 1  I I I 1 1 1 
0 -4 -8 -12 -16 -20 
PITCHING MOMENT, ft-lblft; LIFT, Ib/ft 
Figure 52.- Var i a t ion  of l o c a l  des ign  load  wi th  vane span f o r  vane set  8; 




I 1 I 1 1 I I I I I 1 
0 -.4 -8 -12 -16 -20 
PITCHING MOMENT, ft-lblft; LIFT, Iblft 
0 1 2 3 4 5 
DRAG. Iblft 
1 1  1 1 1 I I I 1 I 1 
0 -4 -8 -12 -16 -20 
PITCHING MOMENT, ft-lb/ft; LIFT, Ib/ft 
Figure 52.- Concluded. 
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